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ABSTRACT 

Discrimination between the pitches of tones presented 
in a delayed comparison task is dependent upon some trace of 
the target (standard) stimulus heing available following the 
retention interval. Presentation of tonal stimuli during 
the retention interval has been shown toc interfere with 
pitch discriminatione Two theoretical models of nitch 
memory are reviewed which are contrasted by the assumptions 
regarding the etfects of the intervening stimuli. Within 
the associative strength modet, it is proposed that the 
intervening stimuli do not interfere with the memory trace 
of standard tone but rather provide the opportunity for pure 
trace decay to operate. In contrast, the assumptions of the 
storage-forgetting model state that stimuli occurring during 
the retention interval actively affect the memory trace and 
that the effects are a function of the similarity between 
the standard and intervening tonese 

Two experiments are reported which examined the effects 
of tonal stimuli within the retention interval of 1)a 
forced choice, pitch discrimination task; and 2) a task 
requiring judgements of the difference in the pitches of the 
standard and a comparison tonee 

The experimental paradigms of the two tasks 
corresponded closelye In each, a standard (S) tone was 


presented for a brief interval, fcllowed by a fixed reten- 
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tion interval, and the presentation of a comparison (C) tone 
frequencye The retention interval was either free of other 
tonal stimuli (blank) or filled with an intervening stimulus 
(I tone) whose similarity to the S tone was varied 
systematicallye In the first experiment, Ss were required 
to judge the S and C tones as "same" or "different." In the 
second experiment, judgments of the magnitude of the 
difference in the pitches of the S and C tones were 
requirede 

Discrimination of the difference between the S and C 
tones (Exp 1) was influenced by presentation of an I tonee 
Interference was a function of the similarity between the § 
and I tones but dependent upon the Location of the I and C 
tones relative to the S tone frequency.e Substantial inter- 
ference was produced by placing the I and C tones in 
opposite directions of (contralateral to) the S tone 
frequencye It the I and C tones were located in the same 
direction from (ipsilateral to) the S tone, interference was 
evidenced only in certain circumstancese The source of this 
asymmetry of S and I tone similarity was discussed in terms 
of predicticns of the storage-forgetting model. 

Judgments of the difference in the pitches of the S and 
C tones (Exp 2) were influenced by the similarity between 
the S and I toneSse However, the effects were not consistent 


with apparent derivations of the storage-forgetting model of 
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pitch memory, nor would judgments of pitch difference 


predict the results of Experiment 1. 
Four main conclusions were drawn 
1) Presentation of an I tone may 
substantially with the discrimination 
2) The effects of the I tone are 
only its sinilarity to the S tone but 
frequency of the C taney, 


3) Judgments of pitch difference 


from the data: 
interfere 

between S and C tones, 
dependent upon not 


relationship to the 


appear to be indepen- 


dent otf performance ina forced choice discrimination tasky 


and 


4) The effects of the I tone upon discrimination in the 


forced choice paradigm are accounted for most reasonably by 


assuming it influences the S's decision-response criteria 


rather than the memory trace of the S 
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INTRODUCTION 


Although ignored traditionally in theory and 
methodology, memory appears to play a significant role in 
most, if not all, psychophysical judgmentse When subjects 
( Ss) fail to evidence ‘errors' in judgment or variability 
in scaling stimuli, failing to consider factors such as 
storage, retrieval, forgetting and interference may be 
justified in terms of theoretical parsimonye However, when 
performance is less than ‘perfect' the need to include 
factors relating to the processes of memory becomes more 
imperativee Psychophysical judgments usually have been 
considered to result from the mapping of stimuli onto an 
ordered psychophysical continuum corresponding to the 
response sete Confusions (errors) are seen more as the 
result of properties of the stimuli than errors within 
either the mapping (storage) or response (retrieval) 
‘systems. 

A number of individuals (eege, Wickelgren, 1966, 1969; 
Massaro, 1970a, c3 Deutsch, 1970, 1972a, b, 19753 We Siegel, 
1972; Je Siegel & We Siegel, 1972) recently have questioned 
the validity of these assumptionse For example, the Siegeis 
(1972) have suggested that a strong parallelism exists 
between the paradigms and underlying processes of the 


absolute judgment task and that of paired-associate 
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learning. Rather than considering the source of errors as 
within the perceptual system, they argued that confusions 
may reflect the influence of such factors as practice, 
memory toad, channel capacity, decay and interferencee This 
apparently heretical suggestion (cfe, Leshowitz §& Green, 
1974) aligns paired-associate learning and psychophysical 
tasks within virtually the same theoretical frameworke 

Consider, for example, the delayed comparison, pitch 
discrimination task. In this procedure, Ss are required to 
judge the pitch of two tones presented successively and 
separated by a brief time interval. Since the first 
(standard or §) tone is not physicatly present during the 
presentation of the second (comparison or ©) tone, the dis- 
crimination process must rely upon some retained percept of 
the S toneée Hence, the discrimination task becomes a recog- 
nition-memory paradigm (We Siegel, 1972) and shares a number 
of fundamental characteristics with the variety of recogni-—- 
tion tasks involving verbal materials, assumed to assess the 
capacity and capabilities of the memory system. 

Theories of human memory are concerned with the 
processes responsible for changes in the post-perceptual re- 
tention of events as a function of the tength of the reten- 
tion interval or events occurring within the interval 
(Melton, 1963). This thesis explores one area of the domain 
of human memory; specifically, the memory for (or retention 
of) the pitch of a tonal stimuluse Two aiternative models 


of pitch memory will be presented in detaile The experi- 
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ments to ke reported are concerned with the influence of 
events occurring within the retention interval as they 
influence the short-term memory for pitch and the adequacy 
of the theories in accounting for these effects. 

The use of nen-verbal stimuli in studies of human 
memory has not received the attention afforded to verbally 
encoded eventse The basic assumption underlying this thesis 
is that the pitch discrimination task offers a valid 
alternative to traditional verbal paradigms in the study of 
the basic processes of human memory. It may prove to be 
preferable in certain circumstances. 

Rehearsal of the to-be-remembered items usually has 
been cited as the mechanism responsible for the lack of 
forgetting within paradigms involving brief exposures of 
verbal stimuli and short retention periods; ieee, short-term 
memory (e€efey Brown, 19583 Broadbent, 1963, Bernbach, 1970, 
Atkinson & Shriffrin, 1968}; Murdock, 1972). The effect of 
rehearsal is not as clear when the to-be-remembered items 
are "non-verbal" (Bernbach, 1967). Typically, instructions 
to rehearse (e€efe, "hum") the S tone during the retention 
interval have not produced substantial increments in recog- 
nition performance and in some cases has led to reduced dis-— 
crimination (cfe, Wickelgren, 1966, 19693; Massaro, 1970a)-. 
This may result from either timitations of the speech-motor 
system (Thurlow, 1971) or the fact that the characteristics 
of tonal stimuli are principally non-verbal for most 


listeners (Je Siegel, 1974). When the goat of an experiment 
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is to isolate effects arising from length of the retention 
interval or events occurring within the interval, it would 
be advantageous to eliminate explicit or implicit rehearsal 
of the to-he-remembered items. The delayed comparison, 
pitch recognition task, then, appears to cffer certain 
advantages over traditional verbal paradigmse 
Pitch and Recognition Memory 

The pitch attributed to an auditory stimulus is the 
result of a complex psychological processe While pitch is 
clearly related to the frequency or periodicity of the 
stimulus (Thurlow, i971), it is also dependent ugeon 
intensity (sound pressure) and duration of the stimulus, as 
well as the presence of harmonic frequencies and character-— 
istics of the scurce (@C€eBey timbre) (Wightman & Green, 
1874), and "motivational" factors of the listener (Thurlow, 
1971). <A number of theories have been advanced to account 
for the percegtion of pitche These have considered the 
relationshir between frequency of the stimulus and the 
locale of activity along the basalar membrane of the ear 
(von Bekesy, 1947), the character of cortical neural 
activity (Wever & Bray, 19930), and the selective analyzing 
system of the ear (Schouten, et ale, 1962), to name a fewe 
Although each model is capable of accounting for pitch 
perception within Limited boundry conditions, two things are 


evident: 


First, the operations by which the auditory system 
extracts pitch from an acoustic stimulus are 
anything but simple; and second, we still de not 
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know what those operations aree Pitch perception 

is still very much a mystery (Wightman & Green, 

1974, p 215). 

There appears, however, to be Little reason to question 
the process or the adequacy of the theories of pitch 
perception within the context of the present papere 
Previous literature in recognition memory and pitch dis- 
crimination typically has ignored these issues. The stimuli 
employed in these tasks usually are sinosoidal, pure wave 
forms of conparable intensity. In these cases; perceived 
pitch is a direct function of the periodicity of the signal. 
For the range cf frequencies usually employed, most of the 
alternative models may accommodate the process of fitch 
perceptione 

Beyond this, however, is the necessity of a theory of 
memory to etfectively explain the perceptual processe 
Should investigators of pitch recognition and discrimination 
be required te develop adequate theories of pitch 
perception, might we also require that those who employ 
verbal materials be capable of adequately explaining the 
perceptual processes which precede "storage" and retention; 
CeBe, reading, letter and phoneme selection, and other 
attributes of those stimuli which are presumably encoded by 
the S? 

"Recognition" and "discrimination" of pitch frequency 
are employed as interchangable terms within the literature. 


While experimental tasks may differ somewhat, a common 
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process arpears to Warrant this usagee With both recogni-—- 
tion and delayed-comparison discrimination paradigms the § 
is required to compare the presented (target) stimulus 
against some retained representative of a previous stimulus. 
The distinction between the two tasks appears to te in terms 
of what responses the S is required to makee In a discrimi-—- 
nation task, one is interested in when the target and the 
standard are "different" or distinguishable, while for a 
recognition task, the focus in on cases in which the two 
stimuli are indistinguishable. For purposes of the present 
paper, the terms recognition and discrimination witt be 
employed toe distinguish among the task demands of the 
experimental situations, but a common set of processes will 
be assumed for both taskse 

Time-errore Judgments of the intensity (e€egey, 
loudness, pitch, weight, tength) of a stimulus tend to be 
influenced by the interval between presentation cf the 
standard and the comparison judgment. This phenomenon was 
initially identified as a "time-error" resulting from the 
retention interval (Whipple, 190135 Kohler, 19233 Pratt, 
19333; cfe, Andreas, 1960, and Underwood, 1966). These 
errors were assumed to result from a constant influence of 
time upon the "memory trace" of the standard stimulus 
(Wolfe, 18663; Pratt, 1933) and were typically "positive" in 
nature; ieee, resulting in augmented judgments of the 
comparison stimuluse A number of mechanisms were proposed 


to account for time-errorse 
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Decay of the memory imagee Angell §& Harwood (1899) 
report a study by Wolte (1866) on the "Comparison of 
Clangse" The results of that study showed that "with no 
difference in vibrations [frequency] between the norm 
{standard ] and [comparison] stimulus (D=0), the proportion 
of correct judgments was large with small time intervals, 
and fell off with increases in time « « »« e [With the 
standard ancd ccomparison stimuli different, the correct 
responses ] decreased with time, though not as much as for 
D=0" (Angell & Harwood, 1899, p 72). In addition, Wolfe 
reported a positive time-error in the judgments of his Sse 
He concluded that "these results are due to the fact that 
there is a tendency to estimate the memory image, owing to 
its lessened intensity, as tower than an actually heard tone 
of the same pitch" (cited in Whipple, 1901, p 412). 

Two experiments by Angell & Harwood (1899) replicated 
Wolfe's (1866) results. A general but irregular decrease in 
the percentage correct discrimination judgments over the re- 
tention intervals was notede "As far as these results go, 
therefore, no law can be taid down in regard to a decrease 
in accuracy of the so-called tone memory for intervals up to 
60 seconds [when the S and C tones are different] « « « »« 

On the other hand, there is a very marked falling off in 
accuracy for judgment with increase of time [when the S and 
C tones are the same]" (Angell & Harwood, 1899, p 76). 
Partial confirmation of Wolfe's (1866) findings were 


evidencede 
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Wolfe had proposed that the recognition (or discrimi- 
nation) judgment involved a "memory image" of the S tone. 
"Fidelity of the memory image" (Whipple, 1901) was assumed 
to decrease exponentially over time in a manner "similar to 
Ebbinghaus! tlaw for the forgetting of nonsense syllables" 
C(Angetl & Harwood, 1899). Similar to the proposals of 
latter day decay theorists (eegey Brown, 19583; Peterson & 
Peterson, 19593; Norman & Wickelgren, 19653; Wickelgren, 1966, 
1969), recognition was impaired by the weakening trace of 
the S tonee Angell & Harwood (1893), however, suggested 
that Wolfe's assumption of a memory image was not clearly 
evident from recognition datae They interpreted their 
results as representing the effect of "a marked difference 
in method of judging" (p 76) as a function of the retention 
interval, rather than the effects of time upon a decaying 
memory image cf the S tonee 

Similar conclusions were drawn by Whipple (1901). In 
one experiment (Part I, pp 416-446), Ss were instructed to 
attend closely to the "image" of the S tone throughout the 
retention period (from 2- to 60-sec)-. This usually resulted 
in the incorporation of "auxillary memory aids; {the Ss] 
visualizes the instrument, contracts his throat with 
incipient humming, and exhibits all those muscular phenomena 
which characterize active attention [rehearsal] « « e e 
Despite these effects attention must wain, and with 
attention, the [auditory] image" (Whipple, 1901, p 444). 


Even with the aid of "rehearsal," a general decrease in 
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accuracy was noted over the increasing retention intervals; 
most notably when the S and C tones were identicale The 
most frequent error was in judging different tones as equal, 
and the frequency of this judgment increased with length of 
the retention period. 

In another experiment (Part II, Series IV), Ss were 
"distracted" from rehearsal by attending to the images of 
particular odors. Introspective reports of the 
effectiveness of the distraction task were compared against 
the discrimination judgments. More errors were evidenced if 
the S$ reported no image of the S§ tone during the retention 
period, but reinstatement of the image during presentation 
of the C tone “is of Little avail for the purposes of 
comparison" (Whipple, 1901, p 456). While the image of the 
S tone may become less available to conscious rehearsal over 
time, "this decline or toss of the auditory image does not 
necessarily imply a corresponding decline or loss of various 
supplementary features which played a part in the { discrimi- 
nation process ]" (p 444). 

It is somewhat interesting that, although Whippte's Ss 
were instructed to rehearse the S tone, they rarely reported 
using its image in the discrimination judgment. Instead, 
they reported the use of "visual-spatial" relations hetween 
the tones, familiarity, or a "complex 'scomething! which 
stands for ‘high' and ‘low! [pitch]" (Whipple, 1901, p 445). 
While both Angell §& Harwood's (1889) and Whipple's (1901) 


experiments produced evidence which was consistent with 
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Wolfe's (1866) conclusion regarding the decay function of 
the S tone trace, there was some doubt that the "memory 
image" of the S§ tone was crucial for the discrimination 
judgmente Given this, it is rather surprising to see the 
maintenance of image-decay interpretations through 
subsequent interpretations of time-error.e 


Assiniltation-interference. Kohler (1923) subsequently 


reviewed the evidence of "imageless" discrimination and 
provided an alternative interpretation of the processe 
Simply stated, presentation of the S tone established not a 
memory image cf the pitch of the tone, but a phenomenal 
impression of its attributes relative to some "standarde" 
Through experience with a particular set of stimuli, Ss 
develop a scale of the range of the attributes. A tone is 
perceived as "high" or "Low" on the basis of a standard 
established for phenomenal pitch (Kohler, 1938, p 270). 
Discrimination between the tones was assumed to he made on 
the basis of the "relatedness" or "transcendence" hetween 
the phenomenal impressions (Kohler, 18398, p 272), rather 
than in terms of a reinstatement of the memory image for the 
S tonee The S tone was seen as furnishing a background 
against which the C tone was compared; a hackground relative 
to the phenomenal standarde Time-errors in judgments were 
explained by a "sinking" or decay of the "background" for 
the comparison- judgment (Kohler, 1938) over the retention 
intervale In terms similar to the decaying memory image, 


this would supposedly lead to a positive time-errore 
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Lauenstein (1932) previded evidence, which on the 
surface contradicted Kohler's proposition, but provided some 
support for the role of a phenomenal background in 
comparative judgments. If the interval between the S and C 
stimuli was filled with some other stimulus of the same 
modality, time-error was a function of the intensity of the 
intervening stimulus. If the intervening stimulus was 
higher ("stronger") than the S stimulus, a positive time— 
error was notéede On the other hand, a lower ("weaker") 
stimulus preduced negative time-error. Lauenstein (1932) 
concluded that the efiect was not due merely to the 
"Sinking" background trace, but "rather a process of 


assimilation going on between the trace and the neural 


effects of surrounding [intervening] stimuli" (Pratt, 1933, 
p 294). 

Experiments by Pratt (1933) confirmed Lauenstein's 
assumptionse If the interval tbetween S and C tanes was 
filled with a more intense (loud) stimulus, the difference 
limen for loudness increasede Likewise, following presenta- 
tion of a less intense intervening stimulus, the difference 
Llimen decreaseéede The results were completely in accord with 
the assimilation hypothesise Lauenstein's hypothesis (1932) 
was incorrect, however, in its prediction of the effects of 
a blank retention interval. Judgments under these 
conditions did not show the greatest time-errors (assumed on 
the basis of assimilation to the least intense hackground ) 


but, instead, were between the two other conditionse Pratt 
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(19393) concluded: 

The etfective comparison-value of the first member 

of a pair of stimuli presented for judgment with 

respect to intensity decreases in magnitude [over 

the retention period], unless the impression from 

some seccndary stimulus constitutes an integral 

part of the comparison field, in which case the 

compariscn-value of the first stimulus becomes a 

function both of time and the magnitude of the 

secondary stimulus relative to the first 

comparison-stimulus (p 297). 
Thus, in addition to some decay process, events cccurring 
during the retention interval could interfere with the 
process of discriminatione Similar views were to be 
expressed by a number of later theorists (e€egey McGeoch, 
19323; Underwood, 1957; Melton, 19633; Massaro; 1970a, b, 
196713; Deutsch, 1970, 1972a, by, 1973a), although evidence in 
support of an interference theory for tonal stimuti was 
sparse and equivocale First, very few studies have 
considered systematically the effects of various intervening 
stimulie Second, the results of studies varying length of 
the retention interval have not provided clear evidence of 
forgettinge 

Postman (1945), for example, found that increments in a 
blank retention interval led to an increased ditference 
limen but did not alter the "point of subjective equality" 
(cfe, Dember, 1965). Such evidence would support either the 
positions taken by Angell & Harwood (1899) and Whipple 
(1901), or those of Kohler (1923), Lauenstein (19232), and 


Pratt (19323). When the retention interval was fitled with 


an intervening tone, Postman (1945) found no evidence of 
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time-error; results that are inconsistent with an 
asSimitation hypothesis or the general fropositions of 
interferencee 

Harris (1952), Bindra, Williams & Wise (196€£), and 
Moss, Myers & Filmore (1870) noted a decline in the accuracy 
of discrimination as a blank retention interval was 
lengethened.s. Aiken & Lau (1866), however, found that the 
percentage correct discriminations were unaffected by length 
of the retention interval, and Irwin (19937) noted an 
increase in correct discrimination over the retention 
period. Harris (1952) has identified procedural variables 
which may acccunt for these anamolous findings; in 
particular the use of a single standard tone frequency has 
been suggested as establishing conditions of an absolute 
judgment task (cite, We Siegel, 1972). 

Both the Bindra, et ale (1965) and Aiken & Lau (1966) 
studies reported evidence of increasing "false detections" 
(identified as a "different" response when the stimuli are 
identical) over increasing intervals of retentione Bindra, 
et ale (1965) interpreted these errors as respresentative of 
an alteration in the Ss judgmental process (cfe, Angell & 
Harwood, i829; Whipple, i901). Specifically, Ss were 
assumed to be varying their decision criteria as a function 
of the intertone interval. A simitar interpretation was 
considered ty Aiken & Lau (1966). Moss, et ale (1970) found 
no evidence in support of differential response criteria 


('*response tias'), however, and interpreted the decline in 
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accuracy as representative of trace decaye 

Wickelgren (1969) has failed to acknowledge the effects 
of intervening stimuli and has rejected suggestions of 
differential response criteria in favor of a trace decay 
modele Massaro (1970a, c) has provided evidence interpreted 
to indicate both trace decay over the retention period and 
retroactive interference effects of the intervening stimuli. 
Wickelgren's and Massaro's research witl be considered in 
detail within the context of their respective modets latere 
A number of recent studies have been devoted to "pitch 
memorye" Of these, however, only a few deal specifically 
with the issues of retention and forgetting, and the 
retroactive effects of events during the retention intervale 
Locus of Interference 

While presenting an "interference" (I) tone during the 
interval hetween S and C tones appears to affect the dis- 
crimination process, it is not clear at what level the 
effect is evidencede Leshowitz § Cudahy (1973), for 
example, have reported that presentation of a "trailing" 
(retroactive) I tone resutted in reduced frequency discrimi- 
nation (increased "discrimination thresholds") when the S & 
I tones were presented to the same eare When the I tone was 
presented to the opposing ear, no such decrement was notede 
Massaro (1970d), however, reported two experiments (Exp III, 
IV) in which a "masking tone" presented to the ofposing ear 
produced decrements in pitch discriminatione Similar 


effects were noted when the tones were presented binaurally 
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(Exp I)e Since the "S-tone" was presented for a very brief 
interval (20 msec) and the interference effects of the 
"masking tone" were Limited to S and I tone interstimulus 
intervals (ISI) below 80 msec, Massaro condluded that the 
"interference tone prevents or limits the perceptual 
processing of the image of the the test (S) tonee The 
results alsc support the hypothesis that the auditory image 
is located centrally rather than at the receptor level"! 
(1970d, p 416). Leshowitz € Cudahy's (15973) results suggest 
that the locus of the effect is not central but rather 
attributed to peripheral mechanisms. 

An additional study (Cudahy § Leshowitz, 1£74, Exp I) 
failed to find support for the assumpticn of peripheral 
interference effectSe In that study a 20-msec signal (S 
tone) was randomly presented to one ear, followed by a 500- 
msec interference tone to the opposing ear, and a comparison 
frequency. The difference between S and C tones was 
selected for each Ss so that the probability of correct dis- 
crimination in the absence of the I tone was approximently 
e806 Substantial reductions (approx 15%) in the proportion 
of correct recognitions were evidenced when the I tone was 
presented at teast 80 msec following the offset of the S 
tonee In a second experiment (Cudahy © Leshowitz, 1974, Exp 
II) the S tone signal was always presented to the same ear 
and the S and C tone differences were selected so that 
correct discrimination was 90% in the absence of the I tone.e 


Although not as substantial as those reported in Exp If, pre- 


sehcow i i wean nl ane bmn ; “! 
; : rag, 
. wion \sareayu <i tip oul eae 7 
i] 7 a Pt ear a 
7 a 
is * ee my 
7 4 J oti aia) ep awn = oe 
: ne ere ; 7h 
§ a rT , = 
; 1) we3 1) Pe vet, ep ae 
item —_ we 
H ‘) ' at 
’ ‘“ pa 
£44 isie3 
i ° >t @ gdp 
J z hee 
aa ‘ ¢g 
° ¢ po ’ ' is 
| 1 e 
re 
’ ® oe a. 
rt 77 7 
7 
$48 =). od eco layewe aew fone 
Gi 7 - 
7 ey 
i> —2 a 30 saat . 
é ss & : 
‘ D m4 «> % j te one ee oro 


a. =) : 
= )¢) SOE bfeale 


16 


sentation of the I tone produced decrements in the 
Proportion of correct discriminationse 

This evidence appears to suggest that even the initial 
processing of pitch occurs at a more central than peripheral 
level. At least it is clear that interference in processing 
and attention may be produced hy events within a "sensory 
channet" which is peripherally independent of that receiving 
the signale Yet, the effects of interference appear to he 
dependent to a great extent upon the specific modality of 
the event. 

Specificity of interferences. Massaro & Kahn (1273) 
report a number of studies which “indicate that the 
perceptual process [sic] of recognition requires some 
central processing capacity" (p 58), and that demands for 
processing affect pitch recognition, In two experiments 
(Exp i, II) Ss, presented either a saw-tooth or sine-wave 
form, were required first to report the quality ("sharp," 
Ydull") of the test stimulus and then the duration ("short," 
"Long") of the interference stimulus. Performance was 
unaffected ty the presentation of a light as the "masking 
stimulus." However, if the interference stimulus was a 
square-wave tone, identification of the guality of the test 
Signal was severely reducede Again, the effect interacted 
with the interstimulus interval (ISI) between the signal and 
I tone, with performance matching that of the light 
condition only at ISIs greater that 180 msec. 


In two subsequent experiments effects of the 
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“processing load" on stimulus identification were examined. 
In one experiment (Exp III) Ss were required to identify the 
quality of the test tone, or both the quality cf the signal 
and the duration of a coincident visual distracting 
stimulus. Having to identify the character of the visual 
stimulus had no effect upon the correct identification of 
the test tone. If, however, the duration of the visual 
stimulus was lengthened to either 100- or 160-msec (Exp IV), 
parallel effects were noted under both identification 
conditions for ISIs between O- and 120-msec.e Beyond that 
interval, having to attend to the visual stimulus reduced 
performancee The requirements placed upon the § in 
processing the distracting stimulus limit the time available 
for the processing of the test tones. Hence, identification 
performance is reduced, not as the result of direct inter- 
ference with the auditory image, but as the result of Limits 
in the capacity to process informatione 

Massaro & Kahn stress that effects of processing 
capacity and modality—-specific interference are "iocated in 
the perception stage rather than another stage of 
information processing" (1973, p 57)- Deutsch (1970), 
however, has presented data which suggest that the effects 
may be Located well beyond that level of processing, as 
well. Her §s were presented a 200-msec S$ tone, followed by 
a 5-sec retention period, and a 200-msec C tone to be judged 
“same" or "ditferent" than the S tonee The retention period 


was filled with either a series of five additional tones or 
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the aural presentation of a number series. The S and C tone 
differences (hetween 16- and 29-Hz) were correctly 
recognized in 7&% of the cases when the retention interval 
contained the tonal series. Performance was only slightly 
affected hy presentation of the number series (9$8%) or when 
the Ss were required to recall the numbers (95%). The 
results were not a function of the Ss focusing on the recall 
of pitch and tailing to attend to the number seriese The 
accuracy of number recall was 75% when the Ss had to also 
recognize the pitch difference and 73% when the Ss had only 
to recall the number series. 

Thus, memory for tonal pitch is considerably 

disrupted hy other tonese However, since the 

requirement to remember numbers spoken at equal 

loudness produces only minimal decrements in the 
identical pitch-recognition task, this disruftion 

could not be due to general factors such as 

prevention of rehearsal, limitation in information 

storage capacity, or displacement in short-term 

memory in which all items are given equal weight 

(Deutsch, 1970, p 1604). 

These results suggest that, at very fundamentat levels 
of processing, interference effects are modality-specific.e 
However, if time is provided for tonal stimuli to he 
processed beyond the "perceptual" Level, events appearing in 
the same modality will tead to interference only if their 
processing requires facilities of the system retaining 
pitche The effects of presenting tonat stimuli during 
intermediate-term retention intervals (Massaro, 1970a; by; c}3 


Deutsch, 1970, 1972a, by, 1973) clearly indicate the presence 


of this specific effects An interesting set of studies by 
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J. Siegel (1974) serves to emphasize the role of the 
encoding modality on effects of retroactive stimuli. 

Stimulus encoding. Contrasted with others, individuals 
with "absolute pitch" are capable of identifying virtually 
any musical note without error. In addition, they are 
capable of making discriminations between musical notes more 
accurately than Ss with comparable musical traininge Yet, 
if the differences between S and I tone frequencies are 
reduced considerably, absolute pitch Ss show no tetter 
ability to discriminate pitch than control Ss (Je Siegel, 
1872). Bachem (1954) hypothesized that absolute pitch was 
associated with the S's ahility to encode the tonal stimuli 
as verbal mnemonics of the musical scale rather than as 
"frequency representatives" along the pitch continuume Je 
Siegel's study sought a test of this propositione 

In one experiment Je Siegel (1974, Exp I) provided Ss 
with a i-sec § tone, followed by a 5-sec retention interval 
filled with 18 tones each presented for 250 msece The Ss 
were then presented a C tone differing from the S tone by 
either 1/10 or 3/4 of a semitones; approxe i- or 10-Hz, 
respectivelye The proportion of correct discriminations of 
the 1/10 semitone difference failed to differ reliably 
between absolute pitch (.69) and control (65) Sse If the S 
and C tones were separated by 3/4 of a semitone, however, 
absolute pitch Ss correctly identified the difference in 97% 
of the cases, while controt Ss were able to detect the 


difference 84% of the timee 
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Two additional experiments complimented these results. 
In one condition (Exp Ii), the Ss were asked to identify an 
S and C tone difference of 1/10 semitone following a reten- 
tion interval lasting 5-, 10- or 15-sec. In the other 
condition (Exp III), the difference between the § and C 
tones was one semitone. For both experiments the retention 
interval was filled with successive 250 msec tonese AS the 
retention interval was increased, discrimination under the 
1/10 semitone condition decreased in a parallel tashion for 
both Ss with absolute pitch and control Ss. When the 
ditference ketween the S and C tones was one semitone, the 
absolute pitch Ss were capable of correctly identifying the 
difference after a 15-sec retention period in 92% of the 
caSeSe On the other hand, performance of the control SS was 
86% correct discriminations at the shortest retention 
interval and dropped to 70% for the i15-sec interval. 

The processing of information by Ss with aktsclute 

pitch appears similar to the way in which most of 

us encode complex verbal material. Presentation 

of the stimulus results in the formation of a raw 

sensory trace from which information is lost 

within a few seconds, unless the § is able to 

recode it and rehearse it verbally e« e « « For 

most of us, stimuli drawn from the sensory 

continua , such a pitch or loudness, have 

virtually no reliable, easily rehearsable 

associationse For this reason these materials 

(are) e « e subject to the rapid forgetting that 

is typical of the sensory mode (Je Siegel, 1974, 

pp 42 - 493). 

The "specificity of interference" etfects (Deutsch, 


1970), however, would seem to imply that pitch is not 


retained in the "simple sensory continua" proposed by 
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Je Siegel (1974). If Je Siegel were correct, aural presen- 
tation of any intervening material should interfere with the 
retention of pitche But DLeutsch's (1970) data are 
inconsistent with this predicitione What Je Siegel's (1974) 
data may indicate is that the type of processing performed 
upon sensory events affects the ability of the Ss to avoid 
the potentially interfering effects of the intervening 
stimulie The fact that an aurally presented series of 
numbers failed to interfere with pitch recognition (Deutsch, 
1970) may reflect the differential processing afforded 
verbal and non-verbal units. Processing and retaining the 
number sequence fails to influence the retention of pitch 
simply due to the fact that, except at the initial stages of 
identification and classification (Broadbent, 18633; Norman & 
Rhumelhart, 19270), verbal material is processed and retained 
by mechanisms which are independent of those retaining 
information cf tonal pitche 

The preceding evidence provides a rather complex 
Picture otf pitch memorye While the decline of recognition 
and discrimination performance over the blank retention 
interval may he attributable to functions of decay, events 
occurring within the interval between the S and C tones may 
interfere with the process, as well. It is clear that the 
effects of the intervening stimuli are, themselves, affected 
by the particular character of the task, their modality and 
the particular abilities of the Ss The issues dividing 


decay and interference theories of pitch memory are no less 
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complex than those separating the general theories of 
memory e 

In the following sections, two recent models based on 
conflicting theoretical stands are reviewed in detaile The 
associative strength model (Wickelgren, 1969) includes the 
tenets of trace-decay theory and has certain characteristics 
in common with the earlier propositions cf Wolfe (1866). 
Alternatively, the strength-decay model (Massaro, 1970a, c) 
loosely incorporates the general propositions of interfer- 
ence with those of decay to accouunt for the recognition 
processe It witl be shown, in subsequent sections, that the 
strength-decay model leads to predictions of interference 
which are analogous with the propositions of an assimilation 
hypothesis (Lauenstein, 19323; Pratt, 1939). It would appear 
quite simple toa couch the thrust of this thesis in the 
resolution of the decay vs interference controversgye 
However, preliminary evidence which will be reviewed makes 
it clear that a solution is not readily availablee Indeed, 
it is uncertain whether either of the alternative theories 
is appropriate, provided the available evidence. What is 
apoatents however, is that any model that is proposed to 
account for the processes of discrimination and recognition 
must provide a explanation of the infiuence of events within 
the retention interval. How these events influence pitch- 


recognition memory is the principal focus of this set of 


experimentse 
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Associative Strength Theory of Pitch Memory! 

While lengthening the unfilled (silent or tlank) 
interval hetween S and C tones may lead to reduced discrimi- 
Nation, introducing an interference (I) tone in the interval 
between S and C tones has produced consistent deficits. 
Moreover, discrimination is an inverse function of the 
length of the retention interval under this conditione 
Wickelgren (1966, 19869) assumed that including an I tone 
allowed for the uncontaminated effect of time upon retention 
of the memory trace. 

Evidence in support of decay of the memory trace of the 
S tone over the retention interval was provided hy 
Wickelgren (1966, Exp I). In this study Ss were presented 
one of three S tones (800-, 820-, or 840-Hz) for 2-sec 
followed by a 930-Hz tone presented for 2-, 4-, or 8S-Sece 
Comparison tones were either identical to the S tone 
frequency or differed by +10- or +15-Hz. Immediately 
following termination of the C tone, Ss reported whether the 
final tone was identical to (C = S, "same") or ditferent 
than the S tone (C # S)e In addition, Ss rated the 
Beene a cntite theory has been presented in two forms 


(Wickelgren, 1966, 1969), the discussion will concentrate on 
the Latter as representing the more complete formulatione 
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confidence of their decision on a four-point scale.* 

The resuits demonstrated that discriminability (d') was 
reduced as a function of the duration of the I tone for both 
C tone frequencies. Discrimination was better when the C 
tone was 15-Hz higher than the § tone, but lengthening the 
retention interval produced nearly equivalent effects on 
discrimination of both the C tones. Wickelgren assumed that 
an I tone at least 90 Hz above the frequency of the S tone 
would not interfere with the trace of the S tone (1966, 
pez257.)< Hence, reduced discriminability as a function of 
the length of the retention interval was attributed to the 
autonomous decay of the S tone tracee Evidence from this 
and other studies (Wickelgren, 1966, Expe II; Wickelgren, 
1269) led to the formal propositions of the associative 
strength theory of pitch recognitione 

Linear consolidation. Presentation of a pure tone (S) 
is assumed to activate a frequency representaticn most 
sensitive to that frequency and adjacent representatives 
sensitive to similar tones along the pitch continuume The 


degree of activation (strength) is a normally distributed 


2Prior to Wickelgren's article discrimination was 
typically measured by either the frequency of correct dis-— 
criminations ocr in terms of the difference limene In an 
attempt to provide a more sensitive assessment of discrimi- 
nation and to avoid the problems of response bias inherent 
in earlier analyses, Wickelgren (1966) incorporated an 
extension of the theory of signal detection (TSD) within 
this studye The measure of discriminaability applied was d'* 
from TSD procedurese A full development of the arguments 
favoring a ISD approach in tlieu of traditional measures is 
presented by Wickelgren (1966; Egan & Clark, 1866) and need 
not he reiterated heree 
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function over an ordered set of frequency representatives, 
centered on the most sensitive representative (S'). 
Strength of the activation gradient at any point (S'+x) is a 
bounded exponential function of abs(x) and the duration of 
the tone (t1,)- Formally: 
{1 ] s{x]t, = a[{x]e{1-exp(-6t,)]; 
where s(x jet, represents the strength of a frequency 
representative for the tone S't+x, 1-exp(-9t;) is a bounded 
acquisition function over the interval t1, and a is a con- 
solidation parameter of the form a{ exp(-kx)]e3 In words, 
there is a monotonic increase in the trace strength of the §S 
tone over the time it is presented. The rate of increase at 
a point [S+x] along the pitch continuum is dependent upon 
the distance from SS‘! and the current strength of the pitch 
representativee 

Exponential decay. Consolidation of the memorial trace 
is assumed to cease with the termination of the tone and is 
subject to an exponential decay function over the duration 


of the retention interval. The rate of decay is assumed to 


3Those familiar with Wickelgren's (1969) model will 
note that the consolidation and decay functions appear in 
the form of a single, rather than dual, trace proposition. 
There are two reasons for presenting the functions in this 
form, aside from simplicitye First, the conclusions in 
favor of a dual trace consolidation are hased on tenuous 
data indeede Compare, for example, results within 
Wickelgren's section "Decay and Single- vs Dual-Trace 
Theories", pp 31-362 Secondly, at intervals reported here 
and within his cwn experiments, Wickelgren concluded that 
effects of the intermediate-term trace, missing in the 
present fornulations, were minimale In any event, 
elimination of the intermediate-term trace component does 


not markedly alter the gropositions. 
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be invariant with respect to s[x]t, but is bounded by the 
minimum s(x]t,; = 0. The formal proposition of the decay 
function is 

[2] B(t2) = exp(-ft2)y 

where ta is the duration of the retention interval. That 
is; decay of the S tone trace is a negatively accelerating 
function of the duraticn of the I tone. 

From Equations 1 and 2, the trace strength of a pitch 
representative S'tx following a t,-sec presentation of the S 
tone frequency and a retention interval lasting ts sec is 
expressed as 

s(x ]}(ti,t2) = af x JeL[1-exp(-6t,) Jexp(-fto). 

However, TSD statistics do not provide a direct measure 
of trace strength, but are measures of discrimination or 
detectione That is, between conditions in which the 
frequency of the C tone equals that of the S tone and that 
in which the frequency of the C tone differs from that of 
the S tone, the measure of discriminability (d') is a 


function of the trace strength of S*' and S'+x such that 


{3 ] d*(t4,t2) slo ](ta,t2) — slx](t1,t2) 
= (alo] - alx])e{ 1-exp(—8%, ) Jexp(-fto ) 
= a'{x Jel 1-exp(-9t, ) Jexp(-—fto2)-. 


Pitch-difference and familiarity. The variable d' is a 


function of the similarity between S and C tonese In fact, 
it has been regarded as a measure of the difference between 
the means of the S and C tone traces; S' and C', 


respectively (Wickelgren, 1966, 1969). Cne interpretation 
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(Wickelgren, 1969) of the recognition process involves the 
aspects of pitch-difference. Upon presentation of the C 
tone, the $ is assumed to form a Signed difference between 
Cc", the perceived pitch of the C tone and a sampled 
representative of the S tone trace, presumably S'. If the 
difference between the two exceeds a criterion associated 
with C' being from within the S tone trace, the C tone is 
judged "different," otherwise it is accepted as the same as 
the S tonee Judgments of "higher" or "Lower" are made on 
the basis of the sign of the supercriterial ditference 
between S* and C*. 

Wickelgren (1969) has argued that when "same-different" 
responses are required, it is not similarity (pitch- 
difference) between the S and C tones which enters the into 
the recogniticn pfrocesSe Rather, it is the familiarity 
associated with the sampled S tone modulus, and the decaying 
trace of the S tane which is the source of the judgment. 

Retrieval (of the S tene representative) is 

assumed to he accomplished by the interaction of 


the strength gradient of the S tone with the 
(prememorial or perceptual) activation gradient of 
the C tone to produce a greater or lesser degree 
of activation of the familiarity representative 
oe) 6 When the C tone activates pitches whose 
strength of association to the familiarity 
representative are in a temporary state of 
facilitation, there is a greater degree of 
activation of the familiarity representative 


(Wickelgren, 1969, p 54). 


This rather contorted explanation appears to be 
equivalent to the suggestion that the S selects from the 


activation gradient established by the C tone and retrieves 
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a representative from the § tone's strength gradient 
associated with the selected C tone modulus. The recogni- 
tion decisicn is based upon a likelihood criterion of 
accepting the C tone modulus as arising from a distribution 
equivalent to that of the S tone. In this sense, however, 
the judgment is tased upon the strength of the € tane trace, 
which Wickelgren assumes to be equivalent to familiarity. 

While the propositions of familiarity may te consistent 
with the processes involved in "same -—- different" judgments, 
they can not account for the ability of §s to form "higher" 
or "Lower" judgmentse Familiarity is assumed to he 
nondirectional and noncommutativee Responding to this 
cbvious weakness, Wickeltgren (1968) has assumed that a 
process egquivaient to the pitch-difference is incorporated 
in the decision of "high - Low" judgments (pp 20-21). It is 
not clear that these assumptions grant the theory either 
greater power or parsimonye Evidence in support of this 
dual process (Exp H-S-Ly pp 22-29) does not appear to 
necessarily exclude pitch-difference as the sole decision 
mechanisme 

Moreover, pitch-difference is implicitly related to 
famitliaritye For instance, during presentation of the C 
tone "eeethe asymptotic familiarity value approached during 
the acquisition period is assumed to be a monotonically 
decreasing function of the distance from the S tone on the 
pitch dimension" (Wickelgren, 1269, p 48). Since the 


majority of the experiments Leading to the develcrment of 
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the associative strength theory employ "same - different" 
judgments, which are equally well accounted for in terms of 
either pitch-difference or familiarity, the point is a moot 
ONnee However, acceptance of the tenets of familiarity 
appears to require incorporation cf the attributes and 
processes from the pitch-difference process to account for 


the S's behavior. 


toteraction of acquisition and decaye The assumptions 
of the familiarity process are explicit: Discrimination or 
recognition is achieved through an interaction between the 
memorial strength gradient of the S tone and the activation 
gradient of the C tonee In essence, the C tone is assumed 
never to "enter" memory or to form either a strength or 
familiarity gradient. Under these assumptions the C tone 
can not influence the strength distribution of the S tone. 

There is very good reason for thinking this 

interaction does not occure The reason is that 

such an interaction e e e would tbe deteterious 

for retrievale Thus, if it is possible for the § 

to perceive the C tone and use it for retrieval, 

but not acquire a memory trace for it, the § 

undoubtedly does just that under conditions of the 

current experiments (Wickelgren, 1269, p 58). 
The logic supporting this argument is that, since the C tone 
is never tested for retention, a memorial representative is 
never establishede This implies, of course, that the Ss are 
capable of selectively excluding any of the stimuli from 


entering memorye A crucial test of this assumption rests in 


the influence of the I tone frequency upon discrimination of 


the S tonee 
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Instructions to §s typically suggest that they ignore 
the events occurring between the S and C tones. If the 
similarity between the S and I tones influences discrimi-—- 
nation in these situations, arguments denying an interaction 
between acquisition and decay can not be valide Moreover, 
if presentation of the C tone leads to the acquisition of a 
memorial strength gradient centered about C', the 
assumptions of familiarity suggest a process which is 
equivalent to that of pitch-ditference for the recognition 
decisione 

Evidence of consolidation and decays There is no 
direct way of assessing the exponential acquisition 
parameter [€@ in Equation 1] of the associative strength 
theorye Not only is decay assumed to initiate inmediately 
following the S tone, but ISD statistics are incapable of 
measuring strength directly. Iwo experiments varying 
duration of the S tone (Wickelgren, 1966, Exp i; Wickelgren, 
1969, pp 42-43) were designed to assess the acquisition and 
consolidation functionse In general, increasing ty, improved 
discrimination, increased d' and differential strengths in 
the orders of expected magnitude. While the data were 
noisy, no systematic deviation from expectations of the 
model were notede 

Wickelgren has reported several experiments varying the 
S and I tone duration and the difference between C and S 
tonese In general, the results support predictions of an 


exponentiat decay of a single memory trace for t2 intervals 
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between e«5- and &-sec (Wickelgren, 1966, Exp I}; Wickelgren, 
1969, pp 31-33, 2325-36). 

Over the retention interval (t2) decay serves to reduce 
the strength gradient of the S tone in the manner expressed 
in [2]e The net result is to cause fewer of the "members" 
of the strength gradient to exceed the criterion level 
established for the acceptance of C = S as to increaseSse 
This is commonly reflected in an increased frequency of 
“"false-detections" or "false-positive" recognitions (Bindra, 
Williams & Wise, 19653; Aiken & Lau, 1966). If TSD 
statistics are to be employed appropriately; the decision 
criterion, assumed to operate in recognition, must remain 
constant over ta and differences bhetween the C and S tonese 
Although a variety of aiternative explanations may be 
generated to account for the increased errors as a function 
of to (cfe, Harris, 1952; Aiken & Lau, 1966), Wickelgren 
must select the loss of strength positicn to retain the 
validity of the ISD analyses. Ctherwise, assumptions 
regarding d* are confounded with shifts in the decision— 
response criterion or ‘response bias' (Green & Swets, 19663 
EFgan & Clark, 1966). 

Similarity of S and I tonese The decay function [2] 
explicitly excludes any effects of intervening events 
between the S and C tonese That is, the decline in memory 
over the retention interval is interpreted as passive decay 
rather than the consequence of the interfering effects of 


the I tones While this is a convenient assumption when the 
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difference hetween S and I tones is great (ieee, I = St90 
Hz), it is not clear that it is warranted when the tones are 
more Similar. Should the I tone interfere with the memory 
of the S tone the effects could be either one or both of two 
types: 

First, the I tone could be setting up a competing 

memory trace which in some way interferes with the 

retrieval of the trace for the S$ tone ee e« « 

Second, the I tone could be responsible for an 

active destruction of the trace for the S tone 

ee « However, in either case one would expect 

these interference effects to be greater the 

closer the I tone is to the S tone in frequency 

(Wickelgren, 1969, p 27). 

The effects of S and I tone similarity upon 
discrimination were investigated in one experiment 
(Wickelgren, 1969, pp 37-29 )- In that experiment, the S 
tone frequency was varied hetween 4C90- and 590-Hz, C tones 
were equal to the S tone or S+10 Hz, and the I tenes were 
S+15-, 20-, 40-, 100-, 200-, St3000-, and +8000-Hz. 

Duration of the S and C tones was i-sec with a filled reten- 
tion interval of 2-sece One-half of the Ss were provided 
instructions to attend to the I tone while the remaining Ss 
were instructed to rehearse the S tone during the retention 
intervale 

The Ss rehearsing the S tone showed a slight (probably 
nonsignificant) improvement in recognition when ccmpared 
against the non-rehearsing SSe The data reported by 


Wickelgren for the I tone frequencies up to St200 Hz are 


presented in Figure le The mean d' was calculated over 
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Mean d! as a function of the similarity between §S 
and I tones for two S-C tone test conditions 


Figure 1. 
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rehearsal conditions for each of the S-C tone differences. 
The conditicns under which the I and C tones were on the 
same side of (ipsilateral to) the S tone are plotted as I > 
S upper panel and I < S in the in the lower panel of the 
Figuree Conversely, the lines Labeled I < S in the upper 
panel and I > S in the Lower panel are conditions for which 
the frequency of the I tone was in the opposite direction 
from (contralateral to) the S tone as the C tone. 

Under each instructional condition there appears 

to be no effect of I tone similarity on reccgni- 

tion memory performance at or beyond differences 

of 40 Hz between S and I tones. When the I tone 

is only 15- or 20-Hz from the S tone, there is a 

slight facilitation in performance when the C tone 

is on the same side of the S tone as I tone [ieee, 

I>co>S or S$ > CD 1 J and an approximately 

equal decrement when the C tone is on the og¢posite 

Side of the S tone e e e This suggests that the 

decline in recognition performance with increasing 

delay [in previous experiments] is a temporal 

decay of trace strength, not a storage or 

retrieval interaction phenomenon (Wickelgren, 

1969, p 38)e 

It is clear that there is tittle difference in 
performance between the I tone conditions when the frequency 
differences between S and I tones exceeds 100 Hze 
Apparently, at these differences the I tone fails to 
interact with the strength gradient of the S tone, and 
Wickelgren's assumption regarding the previous results may 
be welt foundede Some discussion of the effects at other §S 
and I tone differences is warranted, howevere 


Under conditions in which the I and C tones were both 


placed above or below the S tone, there was a facilitation 
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in d' for S and I tone differences between 15- and 40-Hz.e 
There is some question as to the meaning of Wickelgren's 
statement that an "approximately equal decrement" was 
evidenced over the same interval when the I tone was in the 
opposite direction of the S tone. Discrimination is 
superior under both comparison conditions when the I tone is 
15- and 20-Hz different than the S tone and in the opposite 
direction of the C tone. These effects do not suggest that 
the I tone consistently produces interference as evidenced 
by a reduction in discriminatione They do however, suggest 
that the I tone has some effect upon the memory of the S 
tone and that the etfect is, in fact, "greater the closer 
tne I tone is to the S tone" (Wickelgren, 1969, p 37). It 
is clear that Wickelgren's conclusion regarding the absence 
of an etifect of the I tone during the retention interval is 
not warranted when the S and I tone are of similar 
frequenciese 

It would be advantageous to ignore the "Slight 
deviations" from expectaticns of the theory under conditions 
of high S and I tone similarity if only to retain the 
efficacy of the theory in other conditionse In the light of 
the data provided, however, the influence of the I tone upon 
discrimination may prove sufficent to dismiss propositions 


of the theory holding to a pure decay procesSse 


Storage-Forgetting Model of Pitch Memory 
An alternative model accounting for decrements in 


recognition performance over the retention interval has been 
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proposed by Massaro (1970a, c)e This model shares a number 
of assumptions with Wickelgren's (1969) theory but possesses 


features which distinguish it from the associative strength 


theorye 


Linear consolidation and exponential decay. During 


presentation of the S tone, acquisition (storage) and con- 
solidation are assumed to froceed as a bounded exponential 
function simitar to [1]. However, while Wickelgren assumed 
that virtually no further consolidation of the § tone 
occurred following its termination, Massaro (1970c) proposed 
postperceptual consolidation. If the S$ tone is followed by 
a blank or unfilled retention interval, consolidation is 
assumed to continue at a rate equivalent to that cccurring 
during presentaticn of the S tonee This assumption modifies 
{1] to the form: 
{ 4] s(x ](tittg) = alx]Je{[1-exp(-O6( titto))], 
where tg is the tength of the blank retention interval. 
This explicitly denies the action of autonomous decay during 
the unfilled retention intervale Consolidation, however, is 
assumed to be bounded by a maximum atx], as proposed by 
Wickelgren (1969), and is proportional to the current 
strengzthe 

Consolidation of the S tone is terminated by the onset 
of the I tone and, in the absence of consolidation, the 
strength of the S tone is assumed to decay exponentially 
over the to-sec filled retention interval. This proposition 


is diametrically opposed to Wickelgren's (1969) assumption 
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regarding the interaction of acquisition and decaye He 
assumed that presentation of the I tone did not establish a 
strength gradient. Massaro, on the other hand, proposes the 
presence of an I tone tracee 

The forgetting function proposed by Massaro (1970a) 
modifies [2] to the form: 

[5] B(t2) = exp{-7( 1-exp(-ft2))]. 

White decay in the associative strength model was bounded by 
zero, [5] yields an exponential decay function bcunded by 
exp(-Y) and may approacn zero only for Y>>1. This 
assumption aliows one to account for nonlinearity of decay 
without having to incorporate a duat trace (Short- and 
intermediate-term) framework for tong retention intervals 
(cfe, Wickelgren, 1969, pp 931-23, 935-36). 

The fult equation of the strensth of pitch 
representative (S'+x) presented for t, sec, followed by a tg 
sec blank interval and an I tone tasting t2 sec is? 

[6] sx ](titto,t2) = 
al x Je{ 1-exp(-90( tat+tg)) Jexp[ -V( 1-exp(-ft2))). 


Trace strength recognitione As in the associative 


strength theory (Wickelgren, 1969), presentation of the S 
tone is assumed to establish a normally distributed trace 
strength gradient about S'. However, similar gradients are 
assumed to he established as the result of the presentation 
of the I and C tones but centered about I" and C', 
respectivelye In addition, the acquisition of the I and C 


tones may interact with the established trace of the S tone 
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as a function of the Similarity among theme The recognition 
process in "same - different" decisions bears some 
resemblence to the familiarity precess of the associative 


strength theory. 


At presentation of the C tone, the S searches in 

memory for the trace of that particular C tone. 

If the trace strength e « e [associated that 

pitch]... exceeds some criterion k, the § will 

report "same" « « .o Since the consolidation of an 
unequal C tone (C # §) will aitways be less than an 
equal C tone (C = S) e e « [the trace strength of 

the S tone will always be greater than that of the 

C tonee] Therefore, noise is added at the time of 

the decision process so that its probabilistic 

nature can he predicted (Massaro, 1870c, p 153- 

154). 

The decision (strength) criterion may vary asa 
function of tyttg but, as with the associative strength 
theory, it may not vary as a function of toa or the duration 
of the C tone (t3) since such variations violate assumptions 
ot ISD statisticse Since retrieval (selection) is from the 
trace strength gradient developed along an ordered pitch 
continuum, d* is more like its traditional concept of the 
difference tetween the means of "signal" and "noise" 
distributions than its extension to discriminability 
(Massaro, 1970a, p 343 Massaro, 1970c; p 154). 

Although never expressly developed, pitch difference 
decisions arfpear to be more easily handled within the 
storage and forgetting modele Since the strength gradients 
are established along the same pitch continuum and discrimi- 


nability is assumed to be equivalent to the difference 


between S' and C*, signed differences in pitch are directly 
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obtainable. The process may occur in one of two wayse The 
S may form a signed difference between the selected C tone 
modulus and S'*. Alternatively, having rejected the pitch of 
the C tone as equivalent to that of S"', the S may then 
simply note the direction of the C tone from S'. The model 
also provides a more direct process by which the S may 
generate magnitude estimates of the difference between S and 
C tonese Such a process would be equivalent to a "signed 
difference" between the selected C tone and S' with the 
associated trace strength mapped onto a response (eegey 
number or confidence) system. 

Length of to, t1 + toe Effects of the presentation of 
an I tone fottowing an acquisition period of t,i+ttp-sec were 
examined by Massaro (1970c) in two separate experiments. in 
both experiments, four S tones (820-, 840-, &860-, and &890- 
Hz), four I tone durations (e5-, 1-, 2-, and 4-sec) and two 
S -—- € tone differences (S, St+20 Hz) were factorially 
combinede Frequency of the I tone and duration of the C 
tone were nat specifiede In the first experiment, the S 
tone was presented for 500-msec and was followed immediately 
by the I tone or a 500-msec silent interval preceding the I 
tonee In the second experiment, the duration of the S tone 
was shortened to 200-msec and the silent interval extended 
to 800-msec within appropriate conditionse Data of the two 
experiments were collapsed over S and C tone frequencies but 


analyzed separately. 


According to [4], consolidation of the S tone continues 
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through the blank interval but is terminated by presentation 
of the I tonee In addition, since forgetting [S] is in- 
dependent of storage, forgetting ought to occur at 
equivalent rates for both the acquisition period conditionse 

It is predicted that the tlank interval may 

increase the amount of strength stored, but the 

proporticn of memory strength Lost due to consoli- 

dation of an interference tone of tz sec wiil be 

equal e« « e for both the acquisition conditions 

(Massaro, 19870c, p 154). 

That is, values of d*' ought to be bounded at some level 
greater than zero and evidence equivalent functions over 
time regardless of interval between S and I tones. 

Results of the two experiments are presented in Figure 
2e Providing a 500-msec hbhlank interval between the S and I 
tone did not froduce noticable increments in d"* compared 
with the continuous condition within Experiment I. However, 
an 800-msec silent interval following the 200-msec § tone 
led to better discrimination in Experiment IIe More 
importantly, the addition of the unfilled retention interval 
preceding onset of the I tone did not contribute to 
forgetting. 

Within both experiments parallel functions of d' were 
noted over the retention intervals following both blank and 
continuous acquisition conditions. In accord with [5], 
semitog plots of d' showed substantial deviation from 
linearity as a function of the duration of the I tonee 


Results over similar intervals rerorted by Wickelgren (1969) 


failed to evidence the deviation from Linearity. These 
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Figure 2. Ftfects of length of the retention interval and 


interstimulus interval between S and I tones upon 
discrimination (from Massaro, 1970c). 


i Oe ai 

hey ee a. 

ae eal ZT ba Pie arti. 
oo eae ae 


42 


results are consistent with Massaro's (1970c) assumption 
that, white the rate of decay may be exponential, it is not 
bounded by zeroe 

Although the results clearly indicated that tlank 
intervals following very brief § tones failed to produce 
effects associated with forgetting, it is not clear that 
further consolidation of the S tone was responsible for the 
nhenomenone In addition, the data do not indicate that, if 
the trace is further consolidated through the blank reten- 
tion interval, the rate is equivalent to that while the S 
tone is presente A crucial test of Massaro's prediction 
would appear to rest upon comparisons between conditions in 
which an S tone occupies the entire acquisition period and 
those in which there is a intertone interval presente if 
identical levels of discrimination are attained under both 
conditions, assumptions of equivalent consolidation rates 
following and during the S tone would appear to te valide 
Alternatively, assumptions regarding the consolidation of 
the S tone trace would require modificatione 

The possihle effects of introducing a blank interval 
between I and C tones requires some consideratione 
Propositions of the storage and forgetting model provide for 
equal consolidation rates for S and [I tones. As the S tone 
is assumed to consolidate through the blank interval between 
S and I tones, the model must assume that the I tone would 
consolidate through the intertocne interval between I and C 


tonese Some evidence in sugport of this assumption was 
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provided by Massaro (1972). In that study, masking effects 
of a 40- and 100-msec I tone had equivalent effects on 
identification of the S tone, even though the shorter I tone 
occupied only a portion of the retention interval. 

Providing that these data are indicative of effects 
producing interference over longer presentation and reten- 
tion intervals, greater consolidation of the I tone would be 
predicted as both to and the blank interval between I and C 
tones increased. That is, including the blank interval 
would be expected to produce as great an effect upon recog-— 
nition as when the duration of the I tone equalled the sum 
of t2 and the intertone interval between I and C toanes.s 

Siwilarity of S and I tonese Effects of the I tone 
upon the § tone trace are explicitly included within the 
assumptions of Massaro's (1970a, c) modele Consolidation of 
the I tone acts directly to influence the strength gradient 
of the S tonee In addition, the similarity of the I and §S 
tone is assumed to influence consolidation (storage) and re- 
tention of the S tone directly. 

Presentation of an I tone establishes a linear 
consolidation function similar to that of the S tone but 
centered about I'. The simitarity ("distance") hetween S 
and I tones is assumed to influence the effect of the I tone 
upon the strength gradient of the S tonee When a tone, 
presumably psychologically dissimilar to the S tone, is 
employed during the retention interval, decrements in recog- 


nition performance are attributed to a relatively pure decay 
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effect (Massaro, 1970a)e. However, when the S and I tones 
are more Similar, consolidation of the I tone trace directly 
influences retention of the S tonee Massaro is rather 
inexplicit about the nature of this eifect, although he 
suggests that the I tone may serve as a "perceptual anchor" 
and mediate the recognition process (Massaro, 1970ayp 34, 
38). 

An alternative way of describing the effect of S and I 
tone similarity is in terms of an interaction between the S 
tone trace and the consolidating I tonee The more similar 
the S and [{ tones are, the greater the overlap of the two 
strength gradientse Thus, the S tone trace will continue to 
consolidate through the I tone period, but only to the 
extent that the S and I tone distributions overtlape When 
the difference between S$ and I tones is small, the S tone 
trace will continue to consolidate and discrimination should 
be better than if the S and I tones are dissimilare Since 
this effect is the result of the overlap of two normally 
distributed functions, it should not be a linear function of 
the similarity between S and [I tonese While this hypothesis 
has not been stated explicitty by Massaro, it is consistent 
with assumptions of the storage-forgetting model. It is 
also similar to the "assimilation" hypothesis proposed by 
Lauenstein (19832) and Pratt (1933). 

Two independent experiments attempted to assess the 
eifect of S and I tone similarity (Massaro, 1970a)-. In the 


first experiment (Exp I), Ss were presented one of three S 
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tones (810-, 820-, & 830-Hz) for 1 sec, followed by one of 
three I tones (S+10, +50, +90 Hz) or "white noise" lasting 
for i-, 2-, or 4-sec. The C tones (S or S-10 Hz) 
immediately followed the I tone interval and lasted for 2- 
SEC. The reccgnition data were collapsed over S tone 
frequencies and d' statistics formed for intervals of the I 
tonee The mean d' statistics are presented in the upper 
panels of Figure 3. 

Recognition was better when the I tone most similar to 
the S tone frequency filled the retention interval than when 
either of the other tones were employed. AS predicted, the 
effect upon discrimination was not a linear function of the 
Similarity between S and I tones; virtually no difference 
existed between conditions of St50 and StS0 Hze While the 
predicted rates of forgetting (decrements in d'!) were 
virtually parallel for the three I tone conditions, presen- 
tation of "white noise" during the retention interval 
produced the greatest effects. 

The stimuli of Exp II consisted of three S tones (820-, 
840-, 860-Hz), three I stimuli (St20, S+90 Hz, and "white 
noise") and an unfilled (blank) intervale Duration of the I 
tone was either 1-, 2-, or 4-sec and immediately preceded a 
C tone lasting for 2 sece For one-half of the Ss the C tone 
was 10 Hz lower than the S tonee In the other group the C 
tene was 20 Hz lower than the S tonee White the Ss in Exp I 
were run individually, Exp II was conducted in group 


sessions and the stimuli were presented over a loudspeakere 
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Figure 3. Discriminability (d') as a function of the 
sinilarity between S and I tenes and length of 
the retention interval (From Massaro, 1970c). 
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The recognition data were collapsed over S tone frequency 
and d' statistics formed for the Ss. Results are presented 
in the lower panels of Figure 3. 

Discrimination was far less consistent with the theo- 
retical predictions than the results of Exp I. As expected, 
discrimination was reduced when the retention interval was 
filled with a specific I tone ¥requency as compared to the 
blank retention periods There was virtually no difference, 
however, between the S+20 and St90 Hz conditionse In both C 
tone conditions "white noise" during the retention period 
failed to evidence the substantial forgetting rates present 
in Exp If. While some forgetting was evidenced under the 
blank retention interval for C = S-10 Hz, little or no 
forgetting occurred when C = §-20 Hz. 

A number of possible explanations for these results can 
be provided.e Massaro has suggested that the I tone may 
"give Ss a perceptual anchor" (1970a, p 34) or may bea 
"reference point that cauld be employed to judge the 
difference tetween S and C tones" (9170a, p 38)-e However, 
these suggestions are not incorporated explicitly within 
assumpticns of consolidation and storage (Nassaro, 1870a, 
c), and the "strength criterion" process of discrimination 
(Massaro, 197Ca,y by c)e It is quite possible that the 
response strategies adopted by the Ss in Exp I were quite 
different than those employed when the stimuli were 
presented over the loudspeaker (p 37, 39). It is most 


conceivable, however, that the discrepancies resulted from 
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poor control procedures within Exp II. 

interaction of storage and forgetting.e. The data of Exp 
I (Massaro, 1970a) clearly support both Nassaro's 
“ynerceptual anchor!!! explanation and an interpretation in 
terms of an “assimilation hypothesis" discussed earlier. 

The similarity between the S and I tone frequencies 
Significantly influenced recognition performancee The 
effect was a nonlinear function of the similarity between §S 
and I tones (Exp I). Although recognition performance was 
reduced compared to a blank interval (Exp I1), the degree of 
Similarity between S and I tones served to facilitate dis- 
crimination fcllowing a "filled" retention interval (Exp I, 
II). 

Massaro has aruged the presentation of the I tone not 
only terminates consolidation of the § tene but "decreases 
[sic] the memory strength of the § tone directly 
proportional to the amount of consolidation of the interfer—- 
ence tone" (Massaro, 1970c,y p 154) and the similarity 
between the S and I tones (Massaro, 1970a, p 39)- His data, 
as well as his assumptions regarding consolidation {4], 
suggest that presentation of the I tone does not invariably 
decrease the strength of the S tone tracee In fact, as the 
similarity between S and I tones increases, discrimination 
improvese This is most reasonably accounted for hy assuming 
that the I tone results in further consolidation or at least 
maintenance of the asymptotic strength of the S tone trace. 


Simply, if the difference between the S and I tones is 
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small, a greater portion of the consolidating I tone trace 
overlaps the § tone gradient, hence eliminating decaye 

Two effects of the similarity between the S and I tones 
may be derived from the addition of an “assimilation" 
hypothesis to the storage-forgetting model. First, the 
distribution of the S tone trace is altered by consolidation 
of the I tone, becoming skewed in the direction cpposite the 
I tone frequencye Those portions of the S tone trace in 
proximity of the I tone retain their strength or are 
consolidated further. Those portions farther from the I 
tone frequency are less subject to the effects of the 
consolidating trace and are reduced in strength by decaye A 
second effect resulting from this process is a shift in the 
‘mean of the S tone gradiente When the S and I tcne 
@radients overlap, the joint effect of the decay of the S 
tone gradient and consolidation of the I tone shifts S' in 
the direction of I". Put another way, the S tone trace is 
assimilated by the consolidating I tonee The amount of 
assimilation is a curvilinear function of the similarity or 
overlap between S and I tone distributionse 

Tne Latter effect is consistent with the evidence of 
changes in d' as a function of S and I tone Similaritye If 
d' is taken to be the difference hetween the means of the S 
and C tone gradients (Wickelgren, 1966, 1369; Massaro, 
1970a, c), previous results coincide with predictions of a 
shift in S* as a function of its proximity to the I tone. 


Consider Wickelgren's (1969) experiment (cfe, Figure 1). 
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Under conditions in which the I and C tones were in opposite 
directions from the S tone Cicsee,"ie> S and Cr< S, erti-<*s 
and C > S), discriminability (d') between the S and C tones 
was improved as the difference between the S and I tones was 
increased from 15- to 40-Hz.e Massaro (i970a, Exp I) also 
showed that discrimination was superior when the I tone was 
Similar to the S tone frequency. These data make it clear 
that Wickelgren's (1966, 1£69) simple decay hypothesis of 
pitch discrimination is incorrecte However, the nature of 
the effect of S and I tone similarity upon pitch memory 
remains uncleare While Massaro (1970a, c) has suggested 
that Ss may employ the I tone as a "perceptual anchor" to 
mediate the discrimination process, an hypothesis suggesting 
an "assimilation" of the S tane trace by the I tone is more 
consistent with assumptions of the storage-forgetting model, 
and also accounts for the available datae 

No one study has effectively sampled the conditions of 
S and I tone similarity to test adequately these 
assumptionse In addition, no study has considered the 
predicitions for what appears to be a counter-intuitive 
casee 

On any trial, the selection of S, I and C tane 
frequencies results in one of three arrangements of the 
tonese Figure 4 presents a schematic representation of 
these conditianse The first condition, identified as a 
Contralateral arrangement of I and C tones, occurs when the 


frequencies of the I and C tones are in cpposite directions 
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from the S tone. Two possible arrangements result from 
placing the I and C tones in the same direction from the S 
tonee For the case identified as Ipsilateral: 1, the I tone 
frequency is within the interval tetween the S and C tones. 
In the arrangement identified Ipsilateral: 2 the I tone is 
placed outside the interval between S and C tone 
frequenciese 

Consider the predicted effect of Locating the I and C 
tones ipsilateral to the § tone. Under these conditions, as 
St is shifted toward I' by the consolidation of the I tone, 
the effective distance between § and C tones is reducede 
Wickelgren's (1968) data showed just this effect; cfey 
Figure ti. The distance between § and C tone gradients; as 
evidenced by d‘', was reduced as the result of increasing the 
S and I tone difference. If the S$ and I tone difference was 
more than 40 Hz, ipsilateral and contralateral placement of 
I and C tones resulted in equivalent discrimination. 

Massaro has never reported data for conditions similar to 
those of Wickelgren's study. 

A counter-intuitive prediction arises when the I tone 
is located in the interval between S and C tone frequenciese 
An assimilation hypothesis appears to predict a shift in S'* 
which is independent of the C tone frequencye Hencey 
placing the I tone between the S and C tones should reduce 
the distance thetween S!' and C" and, accordingly, reduce dis— 
criminatione Yet the placement of tones in such a manner 


represents a "tonal staircase" (ieee, SOTO Coors < I< 
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Figure 4. Schematic representation of experimental condi- 
tions for contralateral and ipsilateral place- 
ment of I and C tonese Contralateral conditions 
are characterized by the placement of I and C 
tones in opposite directions from the § tone. 
Conditions in which the [I and C tones are in the 
same direction from the S tone are identified as 
Ipsilateral placementse In Ipsilateral: 1, the 
I tone occupies the interval between S and C 
tones, resulting in the perception of a "tonal 
staircase.e!! In Ipsilateral: II, white the I 
and C tones are in the same direction from the §S 
tone, the I tone is placed outside the interval 
between the S and C tonesSe 
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C) and, intuitively, should afford the greatest discrimi- 
nability. Such results would be inconsistent with an 
asSimiltation hypothesis. In addition, these results would 
suggest that either the assumptions regarding storage and 
forgetting, or the discrimination process are inadequatee 
The following experiment was designed to provide a 
sutficent test of the storage-forgetting model of pitch 
memorye The predictive validity of an "assimilation" 
hypothesis interpretation of the effects of S and I tone 
Similarity was also assessede Both contralateral and ipsi- 
lateral placements of the I and C tones about the S tone 
were employede A critical set of conditions was provided by 
occasions in which the I tone was placed between the S and C 


tone frequenciese 


EXPERIMENT 1 


Method 

Subjects 

Twenty male and female students from introductory 
psychology classes participated in the experiment to fulfill 
course requirementse The data cof one S was discarded when 
his results indicated gross errors in the original 
responsese 
Design and Procedure 

Two standard (S) tones (810- and &80-Hz), four inter- 
ference (I) tcne frequencies (S-10, -30, -50 and -S0 Hz) and 
five comparison frequencies (S420, +40 and S Hz) constituted 
the stimuli of the present experiment. In addition, an 
unfilled (blank) retention interval was incorporated as 
frequently as any of the I tone frequencies. Three random 
permutations were formed at the 50 factorial combinations of 
S, I and C tone conditionse Each S$ participated in five 
replications of the experiment, receiving all orders of pre- 
sentation at least oncee 

The stimuli were produced by three Heathkit (model 1G- 
18) sine-wave audio generators, calibrated to within 1% 
accuracy of one anothere The selected frequencies for the 
trials were recorded on magnetic tape, through a 3-channel 
multiplexing switch, at an amplification 10 times the source 
voltage (20 db, -Oiv refe)e Onset of the tones was gated 


through solid state integrating switches on each of the 
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channelse Durations of the stimuli (all 1 sec) were 
controtled by an additional square wave generator and 
digital logic of the multiplexing switch.e* Intertrial 
intervals were maintained roughly at 6-sec by means of a 
stopwatche No attempt was made to control for apparent 
loudness of the tones, although there was Little apparent 
difference among them. 

The stimuli were presented to each S through stereo 
headphones, at what was judged by the S$ to be a "comfortable 
level," as he sat within an acoustically dampened chamber. 
After the S$ was seated at a desk within the chamber, a set 
of instructions were provided which fully descrihed the 
mature of the experimente Essentiatly, the Ss were told 
that during the experiment they would hear a series of brief 
tones followed by a 6-sec blank intervale During this 
interval they were to judge whether the first and last tones 
of the series were the "same" or "different," and to 
indicate their decision by checking one of two labeled 
positions on a numbered answer sheete Following four 
practice trials, the first three blocks (replications) were 
presentede A 5-min rest period was then provided while the 
tape recording was positioned for the next seriese The 


final two blocks were presented immediately following the 
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4uire Pat Wong and Mre Paul DeGroot assisted in the 
design and testing of this apparatuSe The experiment 
utilized the facilities of Dre Stanley Rule's laboratory. 
Their guidance and assistance in the preparation of this 
experiment is greatly appreciated. 
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rest period and were not preceded by practice trialse The 
entire session required approximately 55 min. 
Fesults 

Discrimination judgments ("same", "different") were 
pooled across replications and S tone frequencies for each § 
and proportions correct and incorrect recognitions were 
formed for each of the experimental conditions. The index 
of detectibility (d') was calculated for each of the C # S§ 
tone comparison conditions by means of tables provided by 
Hochaus (1972). The proportion of correct recognitions for 
Cc = S tones ("same") formed the "hit-rate" for each I tone 
condition and incorrect recognitions for C # S tcnes 
estimated "false-alarms". The mean d' statistics for the 20 
C # S experimental conditions are presented in Figure 5. 

An analysis of variance (Table 1) confirmed the obvious 
effects within the datae> <A difference of 40-Hz between the 
S and C tones was better detected than was a 20-Hz 
difference, F(3,54) = 71.95. Increasing the difference 
(reducing the similarity) between the S and I tones led to a 
general reduction in discrimination as evidenced by the 
significant main effect of I tone frequency, F(4,72) = 8.48, 
p< e-O01- It was clear, however, that the effect of the I 


tone was dependent upon the frequency and locus of the C 


SAn identical analysis conducted upon the mean 
proportion of correct discriminations yielded equivalent 
results but is not reported heree Previous studies have 
employed d' as the measure of discriminability, and in order 
to maintain comparability that statistic was selected in 


this studye 
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Figure 5e Eitfects of the similarity between S and I tones 
and placement of the I and C tones ufon discrimi- 
nability (d")3s Experiment 1. 
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Table 1 
Summary of Analysis of Variance: 


Mean d* Statisiticse 


SOURCE SsQ df MSQ F 
SUBJECTS {0] 309.9989 18 17.222 
WITHIN SUBJECTS 234.655 19 12.350 
I TCNE [1] 65-803 4 16.451 8.48 ** 
C TONE [c] 131.&88 2 43.963 71.95 ** 
Pax C 26.264 12 3-080 8.53 ** 
RESIDUAL 250.635 342 eI33 
ox c 33.004 54 e611 
TOTAL 782.289 379 2-098 


tone; F( 12,216) = 8.53 p < -01, for the C x I interaction. 
Introducing a contralateral I tone equal to S-10 Hz led 
to significant reduction in discrimination relative to the 
blank retention interval for both St20 and St40 Hz C tone 
conditions, F(1,216) = 37-393 and &70, p < O05, 
respectivelye However, if the I and C tones were ipsilater- 
al to the S tone, discrimination was not reduced 
significantly by the same I tone frequency, F(1,216) = 3.29 
and 2.10, p > -05 for C = S-40 and S-20 Hz, respectively. 


That is, if the I tone was placed within the interval 
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between the S and C tone frequencies (cf, Ipsilateral: I, 
Figure 4) discrimination was a good as that following the 
blank retention interval. 

An I tone placed beyond the S and C tone interval (cf; 
{ipsilateral II, Figure 4) led to a Significant reduction in 
discrimination for both S-40 and S-20 H C tonese For 
instance if the I tone was S-30 Hz, discrimination of the 20 
Hz difference between S and C tones was significantly 
different than that for the blank retention interval, 
FCLE,216) = 70155 pw < «O01< Discrimination in this case 
remained superior to the contralaterat conditions, howevere 
A similar reduction in discrimination was evidenced when the 
I tone was S-50 Hz and the C tone was S-40 Hz, F( 1,216) = 
Ge2es 2 <6 01s 

Discussion 

Introduction of an I tone during the retention interval 
substantiatly reduced pitch discriminatiaone As expected, 
the effect was dependent ufon both the similarity between 
the S and I tcnes and the similarity between S and C tones. 
In addition, discrimination was dependent upon the locus of 
the I and C tones relative to the S tone, but the effects 
were not consistent with expectations of an assimilation 
hypothesis, nor predicitions of the storage-forgetting model 
(Massaro, 1970a_ c)e 

In conditions relicating Massaro's (1970a) procedure 
when the I and C tones were contralateral to the S 


(ieeey 


tone), an I tone of S-10 Hz produced substantial interfer— 
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ence comparéd with performance following the blank retention 
interval. Increasing the difference between S and I tones 
led to some improvement in discrimination, but performance 
never reached a tevel equal to that of the blank retention 
interval. These results generally support predictions of an 
asSimilation hypothesis, but they are not consistent with 
Massaro's (1970a) data. 

When the I tone was similar to the S§ tone, superior 
pertormance was attained if the I tone and © tones were 
ipsilateral to the S tone, rather than on opposite sides of 
the S tone (contralateral). This superiority in performance 
was lost, however, as the I tone became less similar to the 
S tonee These resuitts are consistent with the data from 
Wickelgren's (1869) study of S and I tone similarity, but he 
argued that the effect was not due to interference produced 
by the [I tonee 

An interesting effect, not available in Wickeltlgren's 
study, was also evidenced in the present datae If the 
frequency of the I tone is between those of the © and C 
tones, presentation of the three tones is perceived as a 
"tonal staircasee" Discrimination under these conditions 
was not substantially different than that following the 
blank retention interval. Interference was not demcnstrated 
until the I tone frequency was located beyond the S and C 
tone intervale Such results are not consistent with an 
assimilation hypothesis, and assumptions of a shift in the S 


tone memory trace as a function of the similarity between S 
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and [I tonese Stated simply, that hypothesis would predict 
that interference should be evidenced by ipsilateral I and C 
tones, with decreasing levels of discrimination as the 
difference between the S and I tone increased. Neither the 
present data, nor his own, can be accommodated by 
Wickelgren's associative strenath theory, since familiarity 
is assumed to be unaffected by locus of the I tone. 

Massaro (1970a) has suggested that Ss may employ the I 
tone as an “anchor point" in judgments of the difference 
between S and C tonese More particularly, Wickelgren (1969) 
proposed that discrimination in certain circumstances may 
result from successive pitch-difference judgmentse That 
process might resemble the following: When the I tone is 
presented, a judgment is formed of the direction and 
relative magnitude of its difference from the S tonee A 
Similar judgment of the I and C tone difference accompanies 
presentation of the C tonee Discrimination would then be 
based upon the transitivity of the two successive judgments. 

Consider the case of ipsilateral placement of I and C 
tonese When the I tone occupies the interval between S and 
C tones, the relationship among the three tones is S > I and 
I > C and, hence, S > Ce When the I tone is located beyond 
the C tone frequency, but is similar to the C tone, 
successive judgments of the form £ >> I, I < C andy then, S 
< C would ltead to the lack of interference noted in the 
present studye Discrimination would then be a jcint 


function of the similarity between S and C tones as well as 
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between I and C tones. The process would encounter 
difficulties, and discrimination would be reduced, in 
Situaticns such as S >> I and I << C, as when the C tone is 
S-20 Hz and the I tone is S-50 Hze 

While these suggestion may account for the resutts 
under conditicns of the ipsilateral placement of I and C 
tones, they are untenable when the I and C tones are contra-— 
lateral to the S tone. First, any increase in the S - I 
tone difference in these conditions produces a corresponding 
increase in the I —- C tone difference. If a successive dis-— 
crimination process was adopted by the Ss, detection of the 
S - C tone difference should be influenced, however, by the 
relative inequality between the § —- I and I - C tone 
differencese The relative inequalities decrease as the 
difference between the S and I tones increasese When C = 
S+20 Hz, for example, and I = S-10 Hz, S > I and I >> Cy but 
if the I tone is 8-30 Hz, S >> I and I >> Ce Hence, dis- 
crimination should be more difficult as the difference 
between the S and I tones increasese There was some 
evidence of this effect for C = St20 Hz when the I tone was 
Located at S-10 vs S-30 Hze Sut when the [I tone was S-50 
Hz, and the relative inequality of the S - I and I - C 
differences was reduced, discrimination improved. 

Secondly, a successive discrimination process would 
assume symmetry of the effects about the S tone; but as a 
function of the transitivity of the inequalitiese Consider, 


for example, the case in which C = S-20 Hz and I = §S-30 Hz 
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(S >> I and I < CC), compared with the case in which C = St+20 
Hz and I = S-10 Hz (S > I and I << CC). Equal levels of dis- 
crimination would be expected under these two conditions if 
recognition resulted from the process of successive dis- 
crimination. It was evident, however, that the latter 
condition substantailly reduced dscrimination.e 

One of the grocedural limits of the present experiment 
was the consistent placement of the I tone so that it was 
always lower than the S tone. It is not clear what effects 
this might have had upon performance, but it is conceivable 
that it provided a set for the Ss which biased their 
responsese One suggested indicant of response hias within 
detection and recognition tasks has been the proportion of 
"fatse alarms" (Aiken & Lau, 19683 Moss, et aley 19703 
Massaro, 1970a).- An analysis of variance was conducted upon 
the proportion of "same" responses (Table 2) under the four 
S # € conditions of the present experiment. A summary of 
that analysis is presented in Table 3. 

The tendency to respond "same"' increased as the simi- 
larity between S and I tones decreased, F(4,72) = 3-68, p < 
-01, and the similarity between S and C tones increased, 

F( 3,54) = 55.5&- While, overall, Ss responded "same" at 
equivalent rates if the C tone was lower (2.203) or higher 
(-231) than the § tone, the I x C interaction was 
significant, F(12,216) = 11.85. The source of this 
interaction was due to the fact that, with ipsilateral 


placement of the I and C tones, Ss were less 'biased' to 
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Table 2 
Proportion of "Same" Responses as a Function 
of Ditference Between S and C Tones and 


Frequency of I Tone 


C TCNE (Hz) 


I TCNE s-40 s-20 $+20 St+40 MEAN 

“"Elank® e100 0232 0284 e116 e183 
s-10 e032 e153 e363 «064 e153 
s-30 0032 e189 e516 C8 0207 
$-50 e063 2526 e358 -1C0 0262 
s-9'0 e158 0542 0321 - 100 e280 
MEAN 2077 0328 e363 2024 


respond "sane" when the I tone was similar to the C tone 
than when it was more distinct.e 

Bias, in this sense, must be assumed to include not 
only general factors which may influence the S's tendency to 
respond in a particular fashion, but also specific effects 
of experimental conditions which affect the S's decision 
system (Green & Swets, 1966)- Such data have been viewed in 
terms of the influence of experimental conditions upon the 
S's decision criteria (S3indra, et ale, 1965; Aiken & Lauy 
19663 Moss, et ale, 1970) or his response strategy (Massaro, 


1970a; Siegel, 1974)- 
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Table 3 
Summary of Analysis of Variance: 
Proportion of "Same" Responses When 


S and C Tenes Differed. 


SCURCE $SQ df NSQ F 
SUBJECTS ({0] 4-568 18 0254 
WITHIN SUBJECTS 10.250 19 2540 
I ICNE {1 ] ° 869 4 APs a] 3.68 ** 
C TONE [c] 62668 | 22222 55.58 ** 
i fe tae 2e712 12 © 226 11.89 *x 
RESIDUAL 10.494 342 -031 
O-x 1 4.236 a2 -059 
O-xi¢ 92172 54 2040 
(OY 5% BE ae te) 4.087 216 919 
TOTAL 250312 373 ~067 


The present data may indicate the influence of the I 
tone upon the criteria of judging the S and C tones "same" 
or "differente"™ Massaro (1970a) has also suggested that the 
similarity between the S and I tones directly affects the S$ 


's decision criterione 


With dissimilar I stimuli, the S and C tones were 
perceived as very similar to each cther relative 
to their similarity to the distinctive I stimulus. 
Therefore, Ss in the present experiment required a 
much targer difference before they said 
"different" with a dissimilar I stimulus than with 
a similar I stimuluse (p 38) 


pk oer ‘to ‘atom ee my 


noi \Oehs " wi ! wna tbat icealoaeel 8 


Pl eae Le Ae . - . 


AN NA ii 2 
—s — nalts Laan omens hail —. ; 


0 ‘ee aoasives | 


he UPS walt eeu nyatee 
} way | tu 


meee oe ee ‘ 
Nd D S 7 
ts >, ese 
r 
i ; 1«¢ mwah a | an | 4 sib @s ote abe tee . 
4 én @e® Al at eee Lied. iu Saar tentn A 


i hare bara atineNiefey agin av GAD f iis Wai 
S eh aeuriiy i SA DRT te t 


_ 
7 


66 


Both he and Wickelgren (1969), however, have suggested that 
the effects also may be due to differences in response 
strategy as a function of the arrangment of the tonese 

When the I and C tones are ifsilateral to the S tone 
and similar to cne another, the S may employ the relational 
properties ameng the stimuli to form his judgment of 
“samenesse" That is, he may use the successive discrimina-— 
tion process described above. When the I and C tones are 
distinct (either with extreme I tone frequencies under ipsi- 
lateral arrangements or when the I and C tones are contra- 
lateral to the S tone), an alternative strategy is adopted. 
The nature of the alternative strategy is not cleare The Ss 
could be employing pitch-difference and, as the storage- 
forgetting model suggests (Massaro, 1970a, b), pitch- 
difference is influenced by the similarity between S and I 
tonese Decisions may be made on the basis of familarity 
(Wickelgren, 1$69) and effects of the I tone upon recogni- 
tion may be the result of shifts in the decision criteria 
(Bindra, et ale, 1965; Aiken & Lau, 1966; Jesteadt © Sims, 
1975 )e 

Pitch discrimination following a filled retention 
interval was influenced by the similarity between the S and 
I tonese Clearly, there was an asymmetry of the effect of S 
and I tone similarity in the datae The effect was dependent 
upon the Locus of the I and C tones, but the factors 
responsible for its occurrence were not obviouse In the 


following experiment, an attempt is made to isolate the 
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factors responsible for interference within the pitch dis-— 


crimination task. 
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EXPERIMENT 2 


The results of Experiment 1 indicated that effects of 
an I tone are dependent upon both the similarity between the 
S and I tones and the I and C tonese While the evidence was 
not consistent with an assimilation hypothesis, Massaro's 
(1970a, c) stcrage-forgetting model, nor assumptions of the 
associative strength model (Wickelgren, 1969), the origin of 
the effects was not clear. 

Experiment 1 had certain advantages over previous 
designs by providing for contralateral and ipsilateral 
placement otf the I and C tones about the S tonee The I tone 
frequency, however, was always lower than that of the § 
tonee It was suggested that this ordering may have ted Ss 
to adopt one strategy when the C and I tone were ipsilateral 
to the S tone, and another strategy under contralateral 
placement of the tones. The following experiment provided 
ispsilateral and contralateral placement of the I and C 
tones, and the tones were both higher and lower than the S 
tonee 

In previous studies, the d' statistic has keen 
interpreted as representing the difference between the means 
of the strength gradients for the S and C tones (Massaro, 
1870a, c3 Wickelgren, 1966, 1969). Presumably, decrements 
in d' reflect reductions in the difference between S'" and 
C*. Moreover, Massaro (1970a, c) has assumed that presenta- 


tion of the I tone directly influences the S tone memory 
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trace. While Massaro has suggested that the effects come 
about because the I tone serves as a perceptual anchor, the 
effect of the similarity between S and I tones may also be 
be explained as resulting from a shift in the mean of the S 
tene gradient Specificatly, the similarity between S and I 
tones affects the degree to which the S tone trace is 
assimilated by the intervening tone (Pratt, 19333; Deutsch, 
1972b). This prediction has not been tested directlye 

While d' may measure the distance between S* and C! 
when the stimuli do not have the same frequency, it does not 
provide a measure under conditions where S and C tones are 
equivalente Yet, this condition frovides a crucial test of 
an assimilation hypothesis, by providing the opportunity to 
clearly demcnstrate effects of the I tone upon the S tone 
memory traceée An apparent solution to the limits of TSD 
appears to rest within a procedure requiring the §$ to form 
estimates of the difference between S and C tones, rather 
than simply judging whether they are "same" or "different." 

Such judgments provide estimates of the magnitude of 
the difference hetween the tones which may be assessed 
directly.e In addition, the procedure appears to provide for 
a direct test of the assimilation prediction by assessing 
the perceived difference between equivalent S and C tones as 


a function of the I tone frequencye 
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Me od 
Design and Procedure 

Bach $ was taken to an acoustically dampened experi- 
mental chamber and provided instructions which fully 
described the purpose of the experiment. The first two 
sessions were devoted to a training procedure and practice 
sessionsSe The remaining sessions constituted the experi-—- 
mental procedure. 

Practice Sessiconse The tonal stimuli of the practice 
sessions consisted of combinations of S and C tone 
frequencies which included those that would occur during the 
experimental sessionse Eight S tene frequencies, ranging 
between 7O00- and §$60-Hz in 40-Hz increments, and 11 C tone 
frequencies (S460, +40, +30, +20, +10, and S Hz) were 
factorially ccmbined to form the 88 trials of any session. 
Five random sequences of the trials were formed, of which 
each S recieved two distinct ocrderse The stimuli were 
generated by means of the D-A logic of a PDP-12 computer and 
a Wavetech (model i116) voltage controtled, audio oscillator. 

The S initiated each trial of the experiment by 
pressing a push-button mounted on a panel in front of him. 
Two seconds following the lighting of a signal lamp, the S 
tone was presented for 1.5-sec, fcllowed by a 500-msec 
slient retention period, and then the C tone presented for 


1e5-sece The sequence and durations of the stimuli were 
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controlled by a computer programe® Following presentation 
of the stimuli, the S was instructed to judge the difference 
between the pitch of the two tonese 

Judgments of the magnitude of the difference between 
the pitch of the tones were made by means of graphic 
ratingse The § was provided a bocklet of &-5- x 11-in 
paper, each sheet containing 12 lines 12 cm ltonge The ends 
of the lines were labeled "much Lower" and "much higher", 
with the centre labeled "same". The S was instructed to 
estimate the magnitude of difference between the S and C 
tones and to record the difference by placing an "X" at some 
point along the linee If the C tone appeared to be tower 
than the S$ tone, the S was instructed to place the "X" along 
the tine in the direction of the "much lower" ende 
Conversely, if the C tone was higher than the S§ tone, the 
"xX" was to be placed along the other half of the Line. The 
magnitude of the difference between S and C tones was 
indicated by the proximity of the "X" to the end cf the 
linee That is, the closer the "XK" was to tne end of the 
line the larger the perceived ditference. Each training 
session lasted approximately one hour and was halted midway 
to provide the S with a 10-min rest period. 


Experinental Sessionse Following the two training 
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©This experiment utilized the facilities of the 
Psychron Laboratory within the Department of Psychclogy.e 
The cooperation and assistance of Dr Te Nilsson in the 
design and ccocnstruction of the apparatus is appreciated 


greatlye 
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sessions, the Ss were given instructions individually for 
the second phase of the experiment. Essentially, the S was 
told that all conditions of the first sessions were included 
in the second, with the exception that an intervening tone 
would likely occur between the S and C tones. The S was 
implicitly told to ignore the I tone, should it cccur, and 
to attend to the difference between the first and last tone 
of the seriese Atl other instructions remained identical to 
those of the training sessione 

Each S served in three independently ordered 
replications of the experimental conditions. The 308 trials 
of each replication were formed by factorially combining 
four S tone frequencies (7&0-, 810-, 840-, and 8&70-Hz), 
seven C tones (S430, +290,410, and S Hz), and 10 I tone 
frequencies (§+5, +15, +25, +40, and +100 Hz). In addition, 
an unfilled retention interval occurred as often as any I 
tone frequencye The duration of the S and C tones was 1-5 
sec, separated hy a 1-sec retention period. All other 
conditions of the experimental sessions were identical to 
those of the training sessionse 

Data were collected in successive 1 hr sessions (no 
more than one per day), with a 10-min rest period provided 
midway through each sessione Each replication required 
approximately 1.75 hr to completee 
Subp jects 

The Ss were four volunteers who were paid $20 for their 


participatione The training and experimental sessions 
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required no less than 8 hrs to completee Two of the Ss (TJ 
and CC) had previously served in experiments requiring 
psychophysical judgments. 

Results 

The data of each experimental session consisted of four 
replications otf difference judgments for each of the S;, I, 
and C tone combinations, one at each S tone frequencye 
Initially, the data were scored in terms of deviations from 
"equality," as estimated by the mean judgment associated 
with a Q-Hz difference between S and C tones following a 
blank retenticon interval. To increase the number of 
observations at each S; I, and C tone combination for each §S 
y the difference judgments were then combined for equivalent 
tone-difference relationships. For example, the estimates 
of the ditference for a C = §+20 Hz in the presence of an I 
tone 15 Hz lower than the S tone were combined with the 
difference judgments for C = S-20 Hz and I = St+15 Hze The 
mean pitch-difference judgments, formed over the 24 combined 
observations for each S,; are presented in Figure 6 for the §S 
and C tone difference conditions. 

Values along the abscissa of Figure 6 represent the 
magnitude of the difference between S and I tones, and the 
position of the I tone with respect to the S and C tonese 
When S # C the data points at +40 Hz, for example, are means 
formed over conditions in which the I tone was 40-Hz 
different than the S tone and ipsilateral to the C tone, 


while data points at -40 Hz are means formed over the same §S 
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and I difference but under conditions of contralateral I and 
C tones. For conditions in which the S and C tone were 
identical (ieee,C = S Hz), values along the abscissa are the 
I - S tone difference. 

A rather surprising outcome of the experiment was the 
fact that, in nearly every case, judgments of the difference 
between S and C tones were enhanced by the occurrence of an 
I stimulus during the retention interval. The most notable 
exception to this occurred when S and C tones were 
identical. Judgments in these conditions were the most 
indicative of "“assimilaticn" of the S tone by diitfering I 
tonese The C tone was judged "higher" than the © tone if 
the I tone was lower in frequency than the S tonee 
Correspondinaly, when the I tone was higher than the S tone, 
the C tone was judged "Lower" that the S tone. 

Effects of the similarity tbetween S and I tones were 
apparent under conditions in which the S and C tones 
differed, as well. The functions of pitch-difference 
judgments differed for ipsilateral and contralateral [I and C 
toneSe It was rare, however, that the degree of "interfer- 
ence" produced by ipsilateral I and C tones, or the 
“facilitation" function under contralateral conditions 
matched that of the S = C tone conditionse 

An anatysis of variance was conducted on the mean 
pitch-difference judgments, excluding those following the 
blank retention intervale In addition, a dummy variable 


(LOCUS I & C) was introduced to divide levels of S and I 
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tone similarity into ipsilateral and contralateral I and C 


tone conditions. A summary of that analysis is presented in 


Table 4 
Summary of Analysis of Variance: 
Mean Pitch-Difference for Conditions 


Involving an I Stimulus. 


SOURCE SsQ df MSG F 
SUBJECTS [0] 23.940 3 7.980 
WITHIN SUBJECTS 106.605 39 Oe 
I TONE [1] 2-930 4 e733 4.44 * 
G tone [oc] €5.-784 3 28.595 14.80 ** 
f-3 °C 2-363 12 ASI 1.79 
LOCUS. 1 °S C(t) 9.032 1 9.032 4.03 
bo aya 2-980 4 -748 3-38 * 
| Cee ey 1.058 3 0353 3-53 
Lox 2 oC 2-448 2 2204 1.57 
RESICUAL 38.298 117 wae 
ox iI 1.981 12 e165 
C Cc 17.2392 9 1.933 
oxtiIxc 3-953 36 -110 
Cex er 6-730 3 ey Me 
Q x, Lx 2-654 2 e221 
COlxL. 2c e889 9 -1C0 
Ox x Lexs 4.689 36 e130 
TCTAL 16&.844 159 1-062 


Table 4e 


A significant effect of the difference between S and C 


tones upon the pitch-difference judgments was evidenced, 
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FC3,9) = 14.80, p < .01. Similarity between the S and I 
tones affected the magnitude of the judgments, F(4,12) = 
4.44, p < 2.05, but this interacted with the locus of the I 
and C tones, F(4,12) = 3.38, p < .05. Means for the L x I 
interaction (Figure 7) clearly show the nature of the 
effect. When the I and C tones were ipsilateral to the S 
tone, increasing the ditference between S$ and I tones 
decreased the magnitude of the pitch-difference judgments. 
For contralateral I and C tones, however, the judged 
ditference hetween S and C tones showed little effect 
resulting from the similarity between S and I tonese An 
analysis of trends of the L x I interaction demonstrated 
significantly different Linear trends between contralateral 
and ipsiiateral I and C tone conditions, F(1,12) = 13-18, p 
Gee Ods Judgments of pitch difference under conditions of 
ipsilateral I and C tones decreased as the S and I tone 
difference increasede For contralateral I and C tones, the 
judgments remained relatively unaffected by the difference 
between S and I tonesSe This difference in linear trend 
accounted for 97.5% of the variation attributed to the L x I 
interactione None of the remaining interactions or main 
effects of the analysis of variance were significant. 
Discussion 

An assimilation hypothesis, as it applies to the 
storage-forgetting model (Massaro, 1970a, c)y predicts three 
distinctive characteristics within judgments of pitch- 


difference; if such judgments are to be consistent with 
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previous interpretations of d*' (Green &€ Swets, 19663 
Wickelgren, 1866, 19693 Massaro, 1970a, c)e 

First, the judged differences between S and C tones 
should be curvilinear functions of the Similarity between 
the S and I tones. Under conditions in which the I and C 
tones are presented on opposite sides of the S tone (contra- 
lateral to the S tone), judged differences should increase 
initially as the difference between S and I tones is 
increased and return to a tevel equivalent to the blank re- 
tention interval as the difference between S and I tones 
becomes extremee When the I and C tones are ipsilateral to 
the S tone, an ogrposite effect should be notede Initially, 
judgments should be less than those following the hlank re- 
tention interval, should decrease more as the difference 
between S and I tones increases, and return to the Level of 
the blank retention interval at extreme S and I tone 
ditferencese 

Only conditions in which the S and C tones were 
identical evidenced effects which approximated this 
predictione With the exception of two cases under the C = 
S+20 Hz condition and one for C = St30 Hz, the presence of 
any I tone during the retention interval substantially 
increased the magnitude of the judgments between physically 
different stimuli. The functions of pitch-difference 
judgments were statistically different for ipsilateral and 
contralateral I and C tonese The differences, however, were 


due principally to differential slopes of linear trends 
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associated with the difference between S and I tonese For 
contralateral I and C tones, judgments of pitch difference 
did not show the curvilinearity predicted by an assimilation 
hypothesise In fact, there was a tendency for the trend to 
be in the direction opposite to the prediction when C # S. 
If the I and C tones were ipsilateral to the S tone, 
Judgments typically showed a steady decrease in magnitude as 
the difference between S and I tones increased. 

Secondly, the range and magnitude of the I tene effect 
should be equivalent for I and C tones which are ipsilateral 
or contralateral to the S tone. Thus, foetlowing the first 
prediction, the curves should be mirror-images cf one 
anothere The interaction between Locus of the I and C tones 
and the frequency of the I tone was significant, 
demonstrating differential trends between the two 
conditionse The shapes of the curves; however, were not 
consistent with the predictions. Moreover, the range and 
magnitude of the I tone etfect was a function of the 
location of I and C tonese Far greater effects on pitch— 
difference judgments were noted by increasing the difference 
between S and I tones when the I and C tones were ipsilater- 
al than when they were contralateral to the S tonee White 
effects of the I tone appeared to have a negligitle effect 
beyond S-25 Hz, the judgments of pitch-difference continued 
to be influenced by I tones beyond St25 Hz. 

The third prediction requires parallel functions of 


pitch-difference judgments to he evidenced for each S and C 


’ . ve - — 7 
‘: : 7 ia © 7 
_ Ss “4 oe) -? \ are *y] "7 ae a? ae ” 


a 
a 


7 : a : a : 7 ts 
dateteldi> GohSi ta GH eenOrh. (eee a tee ss 
anitgel iw i@ea (nae ia 34 4 uf ‘paen as” *. wee: > i 


al 7 ; 
oa 
; ‘9 ie : : LAF he ive _ ¥@ ps pi ial may oh aes 
/ 


dt Puan ih ee bi iW Gahan 


‘ 4 ’ 
ot 
: wy a 
re . yar at ; ) are erane en bane - 
: oI ‘ § ip 4 i a ret nramaas ul, 
i G& vavee? Ar None ies td 
ita -) rl 
Ly 4 cn va 1 2ee oe Le. in OO i 
tA ’ 1) oo v4 PSL aAVs re ie in 
' 4 ‘ ert ‘? ' Spl ; ada tap oo me 
7 wag) » ¢ artim 
in ar bd 74 aston 
jot 1 ie “i iw ae “ue 
' , a . 
‘> dt Aivlioeah j ele stamina 
pana Net — bee 
a _—- 
i wittelhere Vuh paste ee in 03 
. 1 tus iL? ; : 
; cis av ox teu eae ar 


b~, PF is ‘ a ha i ripe! & me roi knool 


jl i ‘ rea J q yer a ¥ mH? > ai vmibusit,. as oan it 


= 06 A j ; : twee mane i iit o° 1 Sor 7 sila 


Ae 


re!) ae at Tt hte rh aE ree ae a4 va 
. : _ 
w af av GF Oe Ge " TT r iu > iit Ke 
bowen Lean at @ ee ND ee ee lel” wh te -. | eee 
: ; » 7 
7 : 7 ee oo at “y M CF! ie 


wi a ttn ne 
aed ~ rete nee baie 


’ piqayad 


81 


tone difference. The analysis of variance failed to 
demonstrate a significant L x I x C interaction, providing 
some support of the predictione This is of little 
consolation, however, considering the failure of the data to 
satisfy the other predictions. Taken together, there was 
very little evidence to suggest that the similarity between 
the S and I tones affected judgments in a manner consistent 
with interpretations of assimilation of the S tone trace 
(e@egey Pratt, 12393). 

The results of Experiment 1 suggested an alternative to 
the assumptions of the assimilation of the S tone trace by 
the presentation of the I tonee When the I stimutus 
occupied the interval between the S and C tones in that 
experiment, discrimination was as good as that fottlowing a 
blank retention intervai. Hence, if discrimination isa 
function of the "distance" between the means of S and C tone 
strength gradients (S' and C'), judgments in these "tonal 
staircase" conditions should be maintained at levels at 
least equal to those following the blank retention intervale 
Difference judgments should drop below the blank conditions 
in situations which evidenced interference with discrimina— 
tion}; ieee, under contralateral I and C tones or when the I 
tone is located beyond the S and C tone interval. 

This was not supported by the results of the present 
experimente Judgments of the difference between S and C 
tones were maintained above the hlank retention intervals 


for “tonal staircase" conditionse There was some evidence 
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of "interference" when the I tone was located beyond the §S 
and C tone interval; when C = S§+20 and I > St+40 Hz, for 
example. However, judgments of pitch-difference when the I 
and C tones were contralateral to the S tone never dropped 
below levels associated with the blank retention interval. 
It was just these conditions in Experiment 1 which produced 
evidence of the greatest interference with discrimination. 
If the effect of interpolating an I tone between the S and C 
tone frequencies was to maintain the "distance" tbetween 
them, the functions of pitch-ditference judgments should be 
dependent upon the difference between S and C tonese The 
nonsignificant L x I x C interaction failed to support this 
predictione 

In summary, while judgments of the difference between 
the pitch of two tones were influenced by presenting an I 
stimulus during the retention interval, the effects were not 
consistent with predictions of an assimilation hypothesise 
Previous interpretations of d' as representing the 
difference between the means of the S and C tone strength 
gradients (Wickelgren, 1966, 1969; Massaro, 1970a, c), were 
shown to be inconsistent with the S's judgments of the 
difference between the tonese The judgments of pitch- 
difference were not consistent with previous results from 
forced choice recognition or discrimination experiments. 
There was no clear evidence that pitch-difference could 


account for the effects of an intervening stimulus upon the 


discrimination of two tonese 
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CCNCLUSIONS 


Four main conclusions may be drawn from the results of 
these experiments: 

1) The presence of an intervening tone substantially 
influences the discrimination between the S and C tones, 

2) The effects of the I tone are dependent upon its 
relationship to the S and C tones, but the effects are not 
consistent with an assimilation hypothesis nor predictions 
of the storage-forgetting model (Massaro, 1970a_, c),; 

3) Judgments of pitch-difference appear to he indepen- 
dent of the performance of Ss in a forced choice discrimina— 
tion task, and 

4) The effects of the I tone in a forced choice dis- 
crimination task are most reasonably acccunted for by 
assuming that the I tone affects the S's decision-response 
criteria.e 
The arguments sugporting these conclusions are rather 
complex and are best presented by a review of the evidence 
upon which they are based. 

Experiment 1 provided evidence of the effects of 
presenting an I stimulus during the retention interval of a 
two-alternative forced choice discrimination task. Previous 
evidence of interference preduced by the interpolated 
stimulus had been interpreted either as epiphenomena of 
particular experimental conditions (eege, Wickelgren, 1969) 


or retroactive effects upon the memory trace of the standard 
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tone (Pratt, 1933; Massaro, 1970a, c; Deutsch, 1972b, 1975a, 
b)e The results of Experiment 1 supported the latter 
conclusion when I and C tones were located in orposite 
directions from the S tone frequency (contralateral )e If 
the I and C tones were ipsilateral to the S tone, interfer- 
ence was evidenced only when the I tone was placed beyond 
the interval tketween S and C tones. Such results are not 
consistent with assumptions that the Similarity tetween S 
and I tones affects the degree of retroactive interference 
produced by the intervening stimulus. 

Models of pitch memory which assert that presentation 
of intervening stimuli actively influences the memorial 
trace of the © tone (e€egey Lauenstein, 193235 Pratt, 19333 
Massaro, 1970a, c3 Deutsch, 1972b, 1975b) have ted to 
conclusions that effects of the similarity between S and [I 
tones are a function of a "shift" in the S tone tracee That 
is, the S tone trace is assumed to be assimilated by the I 
tone frequency (Lauenstein, 1932; Pratt, 1933) or decay is 
retarded for a portion of the § tone trace as a function of 
the similarity ('overlap') between strength gradients of the 
S and I tones (e€egey Deutsch, 1972b).- In addition, the TSD 
statistic d' (Green & Swets, 1966) usually has heen assumed 
to be related to the difference between means of the 
strength gradients for S and C tones (Wickelgren, 1966, 
19693; Massaro, 1970a)-e Thus, the effects of the similarity 
hetween S and I tones upon d‘ may be interpreted as 


representing the ‘shift’ in the memory trace of the S$ tone 
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predicted by assimilation-type models. 

It was argued that, should variations in d' represent 
changes in the mean of the S tone trace due to assimilation 
by the intervening stimulus, judgments of pitch-difference 
should provide substantiating evidence of the effect. 
Moreover, if "same-diiferent" judgments are formed on the 
basis of pitch-difference, judgments of the difference 
between S and C tones should evidence functions similar to 
those from the discrimination taske The results of Experi- 
ment 2, while evidencing effects of the similarity between S 
and [I tones, were not consistent with predictions arising 
from the assimilatiocn-type models nor were the functions of 
pitch-difference judgments similar to those of d! within a 
two-alternative forced choice discrimination taske 

When pitch-difference judgments were formed under 
conditions of ipsilateral I and C tones, evidence of a 
reduction in the diiference between S and C tones as a 
function of the similarity between S and I tones was 
obtained. When the I and C tones were contralateral to the 
S tone, there was very Ltittle evidence that the S tone trace 
was "assimilated" by the I tonee Interestingly, judgments 
of the difference between distinct S and C tones were nearly 
always augmented by the presence of any intervening 
stimulus; results which clearly were inconsistent with 
evidence from discrimination tasks. 

It was cencluded that the evidence of Experiment 2 


provided no support for the assumption that Ss employ pitch- 
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difference as the mechanism to distinguish S and C tones as 
"same" or "diftferente" In addition, interpretations of d* 
as representing the difference between memorial traces of S 
and C tones were brought into question hy the results of 
Experiment 2. The ability to discriminate between the pitch 
of two tones, however, is systematically related to the 
physical difference between them. Effects upon discrimina— 
tion which are related to the nature of intervening stimuli 
have been well documented (Lauenstein, 1932; Pratt, 1§33;3 
Massaro, 1970a, c$3 Deutsch, 1972a, by 1973, 1975a, b3 Je 
Siegel, 1974). The results of Experiment 2 suggest that 
they are not retroactive effects upon the S tone memory 
traceée 

These effects may be accommodated by assuming that the 
S employs some aspect other than pitch-difference to dis- 
criminate between the S and C tonese Wickelgren (1969) has 
suggested that "familiarity" is the dimension upon which 
discrimination is based. It was argued earlier that his 
conceptions of familiarity do not necessarily exclude 
properties of a pitch dimensione Deutsch (1972b, 1975) has 
proposed a model which incorporates a temporal—sequential 
dimension similiar to familiarity, as well as a pitch- 
frequency dimension in the discrimination processe In the 
storage-forgetting model (Massaro, 1970a,y by c)y discrimina-— 
tion is based upon aspects of a unidimensional pitch- 


frequency dimension. 


In alt of these proposals, the presentation of the S 
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tone is assumed to establish a strength gradient along an 
ordered dimension related to the frequency of the tone. 

When the C tone is presented, the S is assumed to sample 
from the S tone trace corresponding to the perception of the 
C tone pitche In each of these models, discrimination is 
assumed to follow assumptions of TSD. That is, discrimina-— 
tion is retated to the character of the sampled tone 


relative to some criterion associated with accepting the C 


and S$ tones as having equivalent pitch. Rather than 
assuming that the intervening stimulus alters the memory 
trace of the S tone, it is more plausible that the I tone 
affects discrimination by altering the S's decision-response 
criterione 

Discrimination following a retention interval filled 
with an intervening stimulus is reduced, relative to the 
blank retention interval, because of changes in the S's 
response-decision criterion. This criterion is assumed to 
vary with the similarity hetween £ and I tones. In 
particular, as the difference between S and [I tones 
increases, the §€ adopts a more strict criterion for 
accepting and reporting the S and C tones as "different." 
Stated within the context of TSD, the likelihood-ratio 
criterion governing the decision process is affected by the 
similarity between S and I tonese Within models of pitch 
memory, a greeter degree of activation of the “familiarity 
representative" (Wickelgreny, 19693), or, equivalently, the 


relative memory strength (Massaro, 1970a; Deutsch, 1972b) of 
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the sampled S tone trace is required before judaments of 
"different" will be @iven by the S. 

"Interference" produced by the intervening tones is 
assumed to be a curvilinear function of the similarity 
between S and I tones, and symmetric about the § tone 
frequencye That is, as the difference between the S and I 
tones increases, a more strict decision-response criterion 
is established by the S until the S and I tones are 
"“distincte" For distinctive (ieee, low similarity) S and I 
tones, the decision-response criterion approximates that for 
the blank retention interval. The paradoxical lack of 
interference produced in the "tonal staircase" conditions of 
ipsilateral I and C tones is accommodated by assumptions 
regarding the response strategies available to the S. 

While discrimination judgments may usually te formed on 
the basis of "memory strength," it is difficult to imagine 
that Ss employ that process in conditions of a "tonal 
staircase" arrangment of tcnese This arrangement of tones 
is quite distinctive, and the relationship between the S and 
C tones is obvious to the listener. The Ss in Experiment i 
typically reported that discrimination was easiest under 
these conditionse White they reported they were trying to 
"ignore" the I stimulus, virtually all Ss related their 
judgments under the "tonal staircase" conditions to the 
relationship between the three tonese Thus, it appears that 
the process of discrimination is dependent upon the nature 


of the intormation available to the § within the stimulus 
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complex (Siegel, 1974). If the difference between S and C 
tones is easily extrapolated from relations among the 
stimuli, discrimination is likely to be based upon those. 
In the absence of more Obvious relationships, such 
Strategies likely are abandoned and discrimination based 
upon the memory trace of the S tone. 

It is difficult to develcp unequivocal evidence that 
"interference" is produced by shifts in the S's decision-—- 
response criterione First, discrimination involves not only 
discriminabitity of the stimuli but also response discrimi-—- 
nability, or "the extent to which a lListenser can discrimi-—- 
mate the correctness of his own responses to the information 
source [ieee, presented stimuli ]" (Pollack, 1964, p 449). 
Second, the decision-response process in recognition and 
discrimination is affected by variables which are only 
partially under the control of the experimenter (Kintsch, 
1970)e These include factors which have been viewed 
traditionally as influencing "response hias," as well as 
those which influence tne “imperfect" observer; ieee, 
perceptual and memorial inputs to the decision system 
(Pollack, 1964; Wickelgren, 1969). 

Evidence of criterial shifts may be gleaned from the 


analysis of errors of discrimination.’ It should he noted 


7These measures are frequently identified as indicies 
of response biase "This useage is unfortunate kecause 
neither ‘response’ nor ‘bias’ serves to distinguish the 
mechanisms assumed in threshold theories from those assumed 
in detection theories" (Green & Swets, 1966, p 409). 
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that these data are not free from effects of other 
variables. On the other hand it is not clear that any 
measure of performance, including TSD statistics, may be 
“ancontaminated" (cfe, Banks, 1970; Lockhart §& Murdock, 


1970). Armed with this caveat, what do the data suggest? 


a 


Massaro's (1970a, Exp I1) data indicated that the 
proportion of errors ("same" responses when S # C) 
increased, not only when the S and C tone difference was 
smaller but in relation to the similarity between S and I 
tonese As noted earlier, Massaro concluded that Ss 
“required a much larger perceived difference before they 
said ‘different’ with a dissimilar I stimulus [S+90 Hz] than 
with a similar I stimulus [S+20 Hz]" (p 38). These results 
are attributed to varying ‘response hias!' and/or response 
strategies of the Sse The intent of this explanation is not 
clear, but it certainly does not preclude systematic changes 
in the S's decision-response systeme The data of Experiment 
1 are consistent with those from Massaro (1970a)-e The 
general effect of decreasing the similarity between S and I 
tones was to increase the proportion of "same" responses 
when S # C3 ieeey establish more strict criteria of the 
decision-response systeiie The I x C interaction aprparently 
is attributed to extra-criterial effects of the "tonal 
staircase" conditions and ‘hbias' introduced by the constant 
location of the I tonee The data provide some sufport for 


the hypothesis, howevere 


Similar interpretations of discrimination "errors" have 
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been provided in studies by Aiken & Lau (1866), Bindra, et 
ale (1965) and Angell & Harwood (1899). The latter study 
Showed evidence of a reduction in discrimination as a 
function of increased periods of retenticane Bindra;, et ale 
(1965) noted that assumptions of differential decision 
criteria accounted for errors of discrimination at two re- 
tention intervals. In that study more errors were evidenced 
at the longer retention interval, but the majority were 
"false detections" ("diftferent" responses when C = S) for 
both retention intervals. Aiken & Lau (1966), white showing 
no effect of retention interval upon correct discrimination, 
noted a similar pattern of errorse Bach of these studies 
involved blank retention intervats, and it is necessary to 
consider this factor when interpreting the resultse 

While “there is no guarantee that the S's criterion 
remains constant over time" of the retention interval 
(Kintsch, 1870, p 233), the effects of increasing the reten- 
tion interval need not be limited to factors of the 
decision-response procesSe A decaying memory trace of the §S 
tone would lead to equivalent data. As an example, 
following presentation of the S tone, the memory trace is 
assumed to lose strength in an exponential fashione During 
presentation of the C tone, that trace is sampled and the 
"strength" of the sample matched against some fixed 
criterione Increased errors of falsely detecting a 
difference tetween equivalent S and C tones would be due to 


less and less of the § tone trace exceeding the strength 
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Criterion of "same" as the retention interval increasede It 


is possible, however, that changes in the decision-response 
criterion and decay of the S tone trace may interact to 
produce decrements in discrimination with increases in the 
retention interval. For many reasons, not the least of 
which is the variety of variables left uncontrolled during 
blank retention intervais (Wickelgren, 1966, 19683 Massaro, 
1970a), it is not clear that one or the other alternatives 
is the correct one. 

Jesteadt & Sims (1975) have suggested that "memory 
variance" in discrimination and detection tasks is best 
interpreted as variance within the decision-response 
processe Comparing a variety of detection and discrimina— 
tion tasks, they conclude: 

Memory variance is entering into decisicen 

procegeses in the discrimination task but not in 

the detection task eee. The additional source of 

variance is not related to a specific signal 

ensemble but is central in origine The approach 

most compatable with ISD is to interpret the 

memory variance as criterion variance and toa 

assume that the criterion is more stable in 

detection than discrimination tasks (p 1167). 

Results of the present experiments lead to a similar 
interpretation, but suggest that differential mechanisms are 
involved in the discrimination of tonal stimuli, depending 
upon the task demands placed upon the Se While judgments of 
pitch-difference may be based upon the perceived difference 
between the stimuli, same-different judgments are note 


Either Wickelgren's (1959) hypothesis of "familiarity" or 


Massaro's (1970a, c) "strength" model may account for the 
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process of discrimination. Contrary to Wickelgren's (1969) 
assumptions, similarity between the S and I tones 
systematically effects discrimination. The nature of this 
effect is hest interpreted in terms of influences upon the 
decision-response process, rather than the retroactive 
effects of the I tone upon the memory trace of the S tone as 
assumed by Massaro (1970a). It is necessary to include the 
role of "higher order" factors when discrimination may be 
based upon relational properties within the stimulus 
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